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Abstract 
 
 The widespread conversion of native ecosystems to row crops in the Midwestern 
United States has led to phenomenal agricultural productivity.  However, agricultural 
intensification has also caused declines in soil and water quality, and losses in native 
biodiversity.  Establishing perennial vegetation in crop-dominated landscapes has been 
shown to improve ecosystem functioning and expand the suite of ecosystem services 
provided by agricultural landscapes.  Incorporating perennial vegetation can also provide 
habitat that is lacking in row-cropped landscapes.  Given most agricultural lands are 
privately owned, and landowners’ dependence on farm income, it may not be feasible to 
transform large areas of row crops to perennials.   
Thus, in 2007, the STRIPs at Neal Smith National Wildlife Refuge project team 
initiated an experiment to test the hypothesis that interjecting small amounts of diverse 
prairie at key locations within agricultural landscapes will produce disproportionate 
improvements in ecosystem functioning and biodiversity.  While the overall STRIPs 
experiment addresses several aspects of ecosystem functioning and ecosystem service 
delivery, the study presented here evaluates how birds respond to small amounts of prairie 
integrated into row crops. Bird response was measured in terms of total bird abundance, 
species richness, and diversity.  I derived these measurements from surveys of breeding 
birds in 15 small experimental watersheds (0.5-3.2ha) with five treatments of varying 
percentages (0%, 10%, 20%, and 100%) and configurations of row-crop and prairie cover. 
The results indicate that birds respond positively to the establishment of small 
prairie strips within row-crop fields; the data demonstrate large shifts in abundance, species 
richness and diversity from 0% prairie treatments to 10-20% prairie treatments, and from 
the planting year to post-establishment years.  Across the six years of study (2007-2012), we 
observed a total of 52 species using the experimental sites; 16 species comprised 99% of 
the observations, including many generalist species and some species of greatest 
conservation need.  Red-winged Blackbird, Common Yellowthroat, American Goldfinch, 
Dickcissel, Field Sparrow, and Brown-headed Cowbird were the most common species 
observed across all years.  We documented nesting for 11 species.  Total bird abundance, 
species richness, and Simpson’s diversity were all significantly higher in experimental 
treatments containing prairie than in the entirely cropped treatment.  Year and 
experimental block also had significant effects on the bird response.  This experiment 
demonstrates that prairie strips incorporated into row crops have the potential to provide 
habitat for birds, including some species of conservation concern.  
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Chapter 1: 
Introduction 
1. Background 
 
While yielding phenomenal productivity for human benefit, the expansion of 
intensive row-crop agriculture has been accompanied by a suite of environmental issues.  
One impact of particular concern is the profound loss of native biodiversity (MEA 2003; 
Palmer et al. 2004; Foley et al. 2005), and especially taxa that are dependent on grassland 
habitat (Benton et al. 2003; Murphy 2003; IDNR 2007).  Fifty-five grassland species in the 
United States are threatened or endangered, and 728 are candidates for listing (Samson and 
Knopf 1994).  In North America, grassland birds have suffered particularly precipitous, 
extensive declines (Knopf 1986; Herkert et al. 2003; IDNR 2007); 48% of grassland bird 
species in the U.S. are of conservation concern, and 55% have declining populations (NABCI 
2009).  Murphy (2003) found that the declining population trends for grassland birds in 
North America are strongly connected to agricultural land use.   
 The Corn Belt of the United States encompasses 12 states in the Midwest.  This area 
has experienced dramatic land-use changes associated with agriculture, especially with the 
conversion of native ecosystems to row crops (i.e., corn and soybeans).  Corn is the most 
widely produced crop worldwide, and the U.S. is the largest producer (USDA FAS 2012), 
with the Corn Belt accounting for 85% of the harvested area nationally (Sacks and Kucharik 
2011).  Iowa and Illinois produce just over a third of the U.S. crop (USDA ERS 2012).  
Iowa, a leading corn producer and often considered the most altered state in the 
nation, is a prime example of the widespread land conversion that has occurred throughout 
much of the Corn Belt region.  Prior to Euro-American settlement, Iowa’s landscape was 
dominated by tallgrass prairie (69%), followed by forests (19%) and wetlands (12%); forests 
were mostly located along riparian corridors and in the eastern and southern portions of 
the state, while wetlands were most extensive in north central Iowa (Bultena et al. 1996).   
Agricultural development began in the 1830s when the availability and low price of land 
began to draw settlers west across the Mississippi.  Development accelerated in the 1850s 
with the invention of the steel mold-board plow, which allowed the tough prairie sod to be 
broken.  Between 1850 and 1880 the percentage of Iowa’s land converted to farmland 
increased from 7.6% to 69.1% (Bultena et al. 1996).  As farming technologies have 
improved, it has become increasingly profitable to grow row crops, and today 86% of the 
state is classified as farmland, of which 78% is currently occupied by row-crop agriculture 
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(USDA NASS 2011) and less than 0.1% of the state’s native prairie ecosystem remains in 
scattered remnants (IDNR 2000).   The effects of such an extensive conversion of land are 
reflected by the current state of Iowa’s natural resources: 76% of Iowa’s assessed rivers and 
streams are listed as impaired (Cox et al. 2010), soil erosion is occurring faster than the 
sustainable rate on more than a fourth of Iowa’s land (EWG 2011), and almost one third of 
Iowa’s wildlife are listed as species of greatest conservation need (SGCN) (IDNR 2007).  The 
list of SGCN in Iowa includes grassland birds such as the Sedge Wren (Cistothorus platensis), 
Dickcissel (Spiza americana), Field Sparrow (Spizella pusilla), and Eastern Meadowlark 
(Sturnella magna).  
“Farm Bill” programs administered by the United States Department of Agriculture 
(USDA) provide opportunities to address environmental issues associated with agriculture.  
The first versions of the Farm Bill were passed in the 1930s to provide economic relief to 
farmers and protect soil from erosion.  The passage of the 1985 Food Security Act expanded 
the focus of Farm Bill policy to include wildlife, air and water quality, while continuing to 
promote soil conservation (Cain and Lovejoy 2004).  The creation of the Conservation 
Reserve Program (CRP), a voluntary land retirement program that provides incentives to 
landowners for establishing permanent vegetative cover on vulnerable lands (e.g., highly 
erodible croplands, wetlands), has played an important role in the creation of habitat on 
private lands (Farrand and Ryan 2005; Gray and Teels 2006).    
The increase of acreage in CRP has had positive benefits for soil and water quality 
(Young and Osborn 1990), and has also provided habitat for grassland birds and other 
wildlife (Farrand and Ryan 2005).  CRP plantings have been used by over 90 bird species, 
including 53 songbirds (Ryan et al. 1998); breeding season abundance is higher (1.4-10.5 
times more) in CRP fields than row-crop fields (Best et al. 1997); and nesting activity is 
greater (number of species and nests) in CRP grasslands compared to row-crop fields (Best 
et al. 1997).   
Bird response to CRP may vary among species (Ryan et al. 1998).  An example of one 
species that has benefited from CRP is the Henslow’s Sparrow (Ammodramus henslowii); a 
species of regional and continental conservation concern (PIF 2012) and a state-threatened 
species in Iowa (IDNR 2007).  Herkert (2007) examined range-wide Henslow’s Sparrow 
population trends using data from the North American Breeding Bird Survey and found that 
CRP enrollment had a positive effect on Henslow’s Sparrow populations, with the most 
increases in areas with high local CRP enrollment.  This trend is also reflected in Iowa; 
Iowa’s first Breeding Bird Atlas (BBA), completed in 1990, had only seven reports of 
Henslow’s Sparrows, mostly occurring in the southern two tiers of Iowa counties (Jackson et 
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al. 1996).  At the conclusion of Iowa’s second BBA in 2012, Henslow’s Sparrows have been 
reported in over half of the atlas blocks, which the Iowa Department of Natural Resources 
and Iowa Ornithologists’ Union attribute to widespread wetland restorations and the CRP 
program.  Increases were also documented for Sedge Wrens (Cistothorus platensis), 
Bobolinks (Dolichonyx oryzivorus), Grasshopper Sparrows (Ammodramus savannarum), and 
Upland Sandpipers (Bartramia longicauda),  (IOU 2012).   
While CRP has brought improvements in soil conservation, water quality, and the 
restoration of wildlife and their habitats, converting large areas of agriculturally productive 
land is socially, economically, and/or politically challenging in many places (Atwell et al. 
2009; Atwell et al. 2010).  There are a variety of factors involved in farmers’ decisions to 
implement conservation practices, but Osmond et al. (2012) found that the three most 
important issues were time management, profit and yields.  With rising demands for food, 
feed and fuel, and increasing crop prices, there has been increased pressure on farmers to 
farm more acres and produce more grain, which negatively influences enrollment in CRP 
(Secchi et al. 2008).  Under these circumstances, conservation practices that blend 
agricultural production with habitat provision, and that are applicable to privately-owned 
landscapes, are urgently needed (Schulte et al. 2008; Atwell et al. 2010).   
Landowners and managers may be more amenable to incorporating habitat on their 
land if it were a part of a targeted conservation strategy (Atwell et al. 2009; Atwell et al. 
2010; Larsen 2011).  In general, targeted conservation practices—those that strategically 
interject small amounts of perennial cover into key portions of largely row-cropped 
landscapes—are widely touted as techniques that can achieve substantial gains for wildlife 
and other ecosystem benefits while taking only small portions of land out of agricultural 
production (Walter et al. 2007; Schulte et al. 2008; Secchi et al. 2008).  Such practices can 
include cover crops, grassed waterways, riparian buffers, and reconstructed wetlands 
located on ecologically important portions of agricultural landscapes (Tomer et al. 2003; 
Schultz et al. 2004; Schulte et al. 2008).   
Past research suggests conservation practices that incorporate perennial vegetation 
provide habitat benefits while addressing their primary objectives (i.e., soil and water 
conservation).  Strips and patches of non-crop vegetation in and around row crops have 
been shown to support biologically diverse, native and naturalized plant and animal 
populations (Bryan and Best 1991; 1994; Best et al. 1995; Johnson 2000; Le Couer et al. 
2002; Marshall and Moonen 2002; Van Buskirk and Willi 2004; Henningsen and Best 2005; 
Conover et al. 2009; Burger et al. 2010; Berges et al. 2010).  For example, Best et al. (1995) 
found a greater abundance of bird species in strip-cover habitats embedded in agricultural 
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landscapes (e.g. farmstead shelterbelts, grassed waterways) than in other agricultural 
habitat types.  Data demonstrate many birds respond positively to conservation practices 
such as grassed waterways (Bryan and Best 1991; 1994), field borders (Conover et al. 2009; 
Burger et al. 2010), and riparian buffer strips (Henningsen and Best 2005; Berges et al. 
2010).  These studies show a general trend of increased bird presence, abundance, and 
richness in response to the presence of those small habitats adjacent to row-crop fields.   
Though such conservation practices provide habitat for birds, their development has 
largely been driven by traditional soil and water conservation objectives.  The 
environmental problems that have emerged in the latter half of the 20th Century—including 
biodiversity loss and global climate change—have highlighted the need for conservation 
practices that provide a wider range of ecosystem services (MEA 2003; Atwell et al. 2010; 
Dosskey et al. 2012).  
The benefits provided by agricultural conservation practices could be amplified by 
incorporating vegetation communities that are native and diverse.  In Iowa, native prairie is 
expected to perform especially well (Fischer et al. 2006; Schulte et al. 2008), given that it 
was the predominant vegetation in the region for several millennia leading up to settlement 
by Euro-Americans in the 1800s (IDNR 2000), and is well-adapted to Iowa’s environmental 
conditions.  This thesis seeks to understand how birds respond to strategically integrated 
prairie strips as a novel, effective, and economically practical conservation practice for 
landscapes dominated by row-crop agriculture.  Support for this statement is provided in 
the next section. 
2. STRIPs Project Description 
 
Impetus and Objectives – The research described in this thesis is part of a larger 
project entitled Science-based Trials of Row crops Integrated with Prairies (STRIPs) at Neal 
Smith National Wildlife Refuge (NWR).  STRIPs is an interdisciplinary project with 
collaboration among scientists in the ecohydrology, biodiversity, socioeconomic and 
education fields.  The STRIPs Project is based on the idea that there is an opportunity to 
enhance the health and diversity of agricultural landscapes by strategically integrating small 
amounts of diverse, perennial vegetation into row-cropped watersheds.  The objectives of 
the STRIPs Project are as follows: 
1.) Quantify the influence of different amounts and configurations of annual (e.g., 
corn and soybean) and perennial (e.g., prairie) vegetation on the ecohydrology 
(water flow, nutrient and carbon cycling, sediment movement and loss), and 
biodiversity (abundance, richness and diversity of plants, insects and birds) of 
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sites, as well as understand the socioeconomic dynamics (citizen attitudes, 
perceptions and willingness to pay for ecosystem services) of such a 
conservation practice.   
 
2.) Promote greater understanding among diverse groups of people that 
agroecosystem production and environmental stewardship may be compatible if 
appropriate combinations and configurations of perennial and annual plants are 
established.  Create innovative outreach materials and educational 
methodologies that can be applied to agroecosystems beyond the one modeled 
in this proposal.  Targeted stakeholder groups include agricultural and 
environmental policy makers, representatives of agricultural and environmental 
governmental and non-governmental organizations, farmers and rural 
landowners, and the general public.   
Study Location and Project Set-up – The STRIPs project is located at Neal Smith NWR 
(refuge), south of Prairie City in Jasper County, Iowa.  The refuge is situated on the Southern 
Iowa Drift Plain, a landscape formed by the erosion of glacial deposits into a steeply rolling, 
well-drained terrain (Prior 1991).   
 Neal Smith NWR was created by an Act of Congress in 1990 and is managed by the 
United States Fish and Wildlife Service (USFWS).  The mission of Neal Smith NWR is “to 
actively protect, restore, reconstruct and manage the diverse native ecosystems of tallgrass 
prairie, oak savanna, and sedge meadow,” (US FWS 2012).  Additional goals are to provide 
environmental education, outdoor recreation opportunities, and assistance to local 
landowners who wish to improve wildlife habitat on their land, and to increase scientific 
knowledge and understanding through research.    
 The refuge currently consists of about 2250 ha in the Walnut Creek watershed and is 
proposed to expand within the 3500 ha land acquisition boundary.  About 60% of the land 
owned by the refuge has been planted or restored to presettlement vegetation.  The 
remaining refuge land that has yet to be restored is currently leased to local farmers for 
crop production or is in other continuous perennial cover.   
The STRIPs research sites are located on portions of the refuge currently in row-crop 
production.  Prior to treatment establishment, all sites were in mixed grasses (primarily 
smooth brome, Bromus inermis) for at least 10 years, with no application of fertilizer.  Sites 
were prepared in 2006 by uniformly tilling them with a mulch tiller.  Beginning in 2007, 
STRIPs sites were planted to a two-year corn-soybean rotation (starting with soybeans in 
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2007).  Fields have been managed as no-till systems, which includes standard weed and 
nutrient management practices (e.g., herbicide and fertilizer applications).   
Experimental Design – The experimental units for this project are small watersheds 
(i.e., catchments); boundaries were defined by topographic regions in which all water drains 
to a common outlet.  The original experiment included 12 small watersheds ranging in size 
from 0.47 to 3.19 ha, with slopes ranging from 6.1% to 10.5%.  Treatments consisted of 
varying amounts (10-20%) of prairie planted at the footslope position and strips on the 
contour.  The size and location of prairie areas within row-cropped watersheds were 
determined by the size of the watershed, the assigned treatment, and the distance 
necessary to accommodate farming equipment between prairie areas.  The treatments 
were established using a random incomplete block design including three replicates of each 
of the treatments, distributed across three blocks (Figure 1.1).   
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Figure 1.1.  Map of STRIPs experimental watersheds at Neal Smith NWR, grouped by block 
(“Basswood”, “Interim” and “Orbweaver”), with sites labeled.  The inset provides a more detailed 
example of how prairie strips are distributed within row-cropped watersheds. 
 
 The four treatments include: (1) watersheds with the entire area planted to row 
crops (with no prairie cover); (2) watersheds with 10% of the area planted to prairie at the 
footslope position, and the remaining 90% in row crops; (3) watersheds with 10% of the 
area planted to prairie both at the footslope and strips on the contour, and the remaining 
90% in row crops; and (4) watersheds with 20% of the area planted to prairie at the 
footslope and strips on the contour, with the remaining 80% in row crops.  In 2011, three 
additional watersheds with 100% prairie cover and 0% row crops (0.48-1.28 hectares; see 
Chapter 2) were added to the bird biodiversity component of the STRIPs project to compare 
watersheds with small prairie areas to watersheds entirely in prairie cover.   
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Prairie areas within row-cropped sites were planted to a diverse prairie seed mixture 
using a broadcast seeder on July 7, 2007.  The seed mixture was collected from an 
established prairie on Neal Smith NWR and contained 7 native grasses, 12 native forbs, and 
13 species considered to be agricultural weeds; the 18 non-weed native species accounted 
for 91% of the seed weight in the mix.  An additional native forb, Canada Anemone 
(Anemone canadensis), was sown in the spring of 2008 to provide nectar resources for 
pollinators in early spring and because the initial seed mix lacked plant species fulfilling this 
role.     
Prairies were mowed in the summer of 2008 and 2009, a common management 
practice on recently reconstructed prairies to control weeds during the establishment of 
native plants in the first two to three years (Kurtz 2001).  Prairies were subsequently 
mowed in the fall of 2010 and 2011 to reduce litter and increase prairie growth in the 
spring.  The cooperating farmer baled the mowed prairie biomass and used it as bedding for 
his cattle.     
STRIPs Project Hypotheses – The over-arching hypotheses associated with the STRIPs 
Project are as follows: 
1.) The placement of perennial plant communities at strategic location and of 
appropriate spatial extent in a watershed will produce disproportionate 
improvements in ecosystem functioning (i.e., water, nutrient, and carbon 
cycling) without compromising the social and economic viability of 
agroecosystems. 
2.) Small increases in perennial plant cover in watersheds dominated by annual 
crops will result in disproportionately large increases in species richness and 
diversity of major taxa (i.e., plants, animals, insects, microbes).   
Early Lessons from the STRIPs Project – Findings from the first six years of the STRIPs 
Project indicate that strategically planted prairies in row-cropped watersheds provide 
multifunctional benefits to soil, water and biodiversity.  Prairie has several key 
characteristics that cause it to perform well in conservation practices:  it is perennial, deep-
rooted, stiff-stemmed, native, and diverse.   
Because prairie is dominated by perennial plants, it provides continuous living cover 
throughout the year.  This function is especially important when row crops are not actively 
growing.  The deep roots associated with prairie plants work to stabilize the soil, store 
carbon, and capture water and nutrients.  The stiff, upright stems of many prairie plants 
work to slow the velocity of moving water, which gives water a chance to infiltrate before 
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running off the field.  Compared to 100% row-cropped watersheds, sites with 10-20% 
prairie have reduced the sediment exported via surface runoff by 96% (Helmers et al. 2012), 
reduced phosphorus and nitrate exports via surface runoff (Liebman et al. In Press), and 
reduced nitrate levels in soil and shallow groundwater under prairie strips (Zhou et al. 
2010).   
Diverse prairies create habitat for wildlife and insects.  A diverse habitat with high 
plant diversity provides more niches, which in turn can be expected to support more species 
of other taxa by providing a variety of feeding, nesting, and overwintering substrates.  
Vegetation in the STRIPs watersheds containing reconstructed prairie showed a 240% 
increase in overall plant species richness, and a 480% increase in native species richness 
compared to watersheds without prairie (Liebman et al. In Press).  Plant diversity and 
percent cover in prairie strips have increased each year since 2008, and the prairies are not 
invading crop fields or increasing weed problems for farmers (Hirsh 2012).  The community 
of beneficial insects (i.e., natural predators of crop pests) is greater in prairie strips than the 
adjacent cropland, but there is limited evidence that the prairie strips affect the insect 
community in the cropland (Cox Ohde 2012).  However, Gardiner et al. (2009) found that 
biological control of crop pests is dependent on the diversity and composition of the 
surrounding landscape at the 1.5 km level; therefore, our experimental watersheds may be 
smaller than the scale at which biocontrol is effectively measured.     
 The keys to successful improvement of environmental quality and sustainability in 
agricultural landscapes include planning on the watershed scale, targeting conservation 
efforts on the landscape, understanding farmers’ attitudes and decisions, and working 
together in partnership with all stakeholders (Osmond et al. 2012) - all tenets embraced by 
the STRIPs Project.  The mounting lessons learned from this project provide a substantial 
foundation for promoting this conservation practice as one that provides benefits to both 
the environment and the farmer; this practice could play a powerful role in reducing the 
export of sediment and nutrients into waterways and providing habitat for native 
biodiversity, while allowing the majority of the land to remain in crop production.   
3. Bird Biodiversity Research  
 
This study was designed to measure the multiple benefits provided by strategically 
converting small areas of cropland to a diverse, native plant community, with the goal of 
increasing biodiversity while addressing soil and water quality.  Previous studies of bird use 
of habitat provided by agricultural practices indicate that many species respond positively 
to practices designed to improve soil and water quality; however, such conservation 
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practices are often characterized by simplified plant communities (e.g., brome, switchgrass) 
or woody vegetation located on field edges (Bryan and Best 1991; 1994; Best et al. 1995; 
McCoy et al. 2001; Henningsen and Best 2005; Berges et al. 2010).  By studying biodiversity 
on the STRIPs Project we are able to more fully understand how small prairie strips function 
within the agroecosystem, specifically in terms of providing habitat for wildlife.   
Bird studies are valuable because birds may provide insight into the wildlife habitat 
benefits provided by the prairie strips.  Birds are good study organisms because their 
biology and life histories are relatively well understood, they are easy to observe, and have 
often been used as an indicator of environmental quality and change (Hvenegaard 2011).  
Additionally, understanding how grassland birds respond to prairie strips may help us 
discern potential benefits of the conservation practice for grassland bird populations if it 
becomes more widely implemented.   
The objective of this study was to determine how birds respond to the 
establishment of native, diverse prairie strips within row-cropped watersheds.  I measured 
the avian response using total bird abundance, species richness, and Simpson’s diversity 
index.  I also documented birds nesting in the STRIPs sites.  I hypothesized that total bird 
abundance, species richness, and diversity will (1) be greater in watersheds with prairie 
treatments than entirely row-cropped watersheds, (2) increase in the years following prairie 
establishment, (3) increase as the proportion of prairie increases, and (4) be influenced by 
landscape context. 
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Chapter 2: 
Methods 
1. Study Site 
 
The STRIPs project is located at Neal Smith National Wildlife Refuge (NWR, or 
“refuge”) in Jasper County, Iowa.  The refuge is situated on the Southern Iowa Drift Plain, a 
landscape formed by the erosion of glacial deposits into a steeply rolling, well-drained 
terrain.  The pre-Euro-American settlement vegetation of the area was predominately 
tallgrass prairie, interspersed with oak savannas (Bultena et al. 1996).  The region has a 
humid continental climate, with an average annual temperature of 10 degrees Celsius, and 
annual precipitation amounting to 88 cm on average (NOAA NWS 2012).  
Experimental Design – Research was conducted on 15 experimental sites (0.5-3.2 
ha) within the refuge (Table 2.1), with varying amounts and configurations of prairie 
integrated into row-cropped areas, ranging from sites entirely in row-crop production to 
sites entirely planted to prairie.  Sites are small watersheds (i.e., catchments), where 
boundaries were defined by the topographic region in which all water drains to a common 
outlet, as identified with Digital Elevation Models in ArcGIS.   
Table 2.1.  List of experimental watersheds by block, treatment and size.                                                      
* 100% prairie watersheds were only surveyed in 2011 and 2012.   
Block Watershed Treatment 
Size 
(ha) 
Basswood Basswood 1 10% prairie bottom 0.55 
Basswood Basswood 2 10% prairie strips 0.56 
Basswood Basswood 3 20% prairie strips 0.57 
Basswood Basswood 4 20% prairie strips 0.61 
Basswood Basswood 5 10% prairie strips 1.31 
Basswood Basswood 6 0% prairie 0.81 
Basswood Basswood 7 * 100% prairie 0.49 
Interim Interim 1 10% prairie strips 3.10 
Interim Interim 2 10% prairie bottom 3.24 
Interim Interim 3 0% prairie 0.61 
Interim Interim 4 * 100% prairie 1.29 
Orbweaver Orbweaver 1 10% prairie bottom 1.25 
Orbweaver Orbweaver 2 20% prairie strips 2.51 
Orbweaver Orbweaver 3 0% prairie 1.24 
Orbweaver Thorn Valley * 100% prairie 1.12 
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The experiment is set up as an incomplete block design with replicated treatments; 
the five treatments have three replicates arranged across three blocks, but all treatments 
are not represented in all blocks (Table 2.2).   
Table 2.2.  Details of the incomplete block design used in this study, showing the number of sites 
included in blocks and treatments.  *100% prairie sites were only included in 2011 and 2012.   
  Treatments: 
Blocks: 0% prairie 
10% prairie 
bottom 
10% prairie 
strips 
20% prairie 
strips 100% prairie * 
Basswood 1 1 2 2 1 
Interim 1 1 1 0 1 
Orbweaver 1 1 0 1 1 
total: 3 3 3 3 3 
 
The four original experimental treatments (Figure 2.1) for the project are: (1) sites 
that are entirely in row crop production, with no prairie; (2) sites with 90% of the area 
planted to row crops, and 10% of the area established to prairie, with all of the prairie 
located at the base of the watershed; (3) sites with 90% of the area planted to row crops, 
and 10% of the area established to prairie, with the prairie arranged in multiple strips on 
the contour; and (4) sites with 80% of the area planted to row crops, and 20% of the area 
established to prairie, with the prairie arranged in multiple strips on the contour.  In 2011, I 
added a fifth treatment to the bird biodiversity study: (5) sites with 0% row crops and 100% 
prairie, located within existing reconstructed prairies on the refuge.   
 
Figure 2.1.  Schematic of the five experimental treatments represented in this study. 
Site Management – Row crops within the study sites are farmed on a two year 
rotation of corn (Zea maize) and soybeans (Glycine max) using no-till methods, which 
include applications of fertilizer and herbicide.  The prairie areas were planted in 2007 with 
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seed collected on the refuge; the seed mix included seven native grass and 12 native forb 
species.  Prairie areas (henceforth “prairie strips”) were planted at the footslope position of 
the watershed and in strips on the contour about 50 meters apart; distance between strips 
was established based on the size of equipment used to manage the row-cropped areas.  
Aboveground biomass in the prairie strips has been removed annually.  In 2007 through 
2009 prairie strip biomass was removed during the growing season to control exotic species 
and enhance the establishment of native prairie species.  Beginning in 2010 and thereafter, 
prairie strip biomass has been removed in the fall to promote prairie growth during the 
subsequent spring.   
Habitat Description – Vegetation surveys were conducted from 2008 to 2011 in the 
original treatments.  Treatments with prairie strips increased plant diversity, from 13.3 
species on average in 100% crop watersheds to 50.6 species in watersheds with prairie.  The 
prairie strips have exhibited increasing plant species richness and percent cover in the years 
following planting, with increasing dominance of perennial species and native species.  
There were no differences in native and perennial species, percent cover and diversity 
among the treatments with prairie strips; however, there were differences among years 
(Hirsh 2012).    
Relative percent cover within prairie strips increased from 2008 to 2011 for 
perennial species (0.64 to 1.26), native species (0.77 to 0.89), and native perennial species 
(0.49 to 0.87) respectively (Hirsh 2012).  The following dominant species are based on rank 
abundances for 2010 and 2011 reported by Hirsh (2012).  Dominant native perennial 
species included the following grasses and sedges: big bluestem (Andropogon gerardii), 
indiangrass (Sorghastrum nutans), yellow nutsedge (Cyperus esculentus); and forbs: wild 
bergamot (Monarda fistulosa), frost aster (Symphyotrichum pilosum), Canada goldenrod 
(Solidago canadensis), and gray-headed coneflower (Ratibida pinnata).  Dominant exotic 
species included bluegrass (Poa spp.), smooth brome (Bromus inermis), foxtail (Setaria 
spp.), reed canarygrass (Phalaris arundinacea), and Queen Anne’s lace (Daucus carota).   
2. Sampling Methods 
 
Experimental Design Effect on Bird Biodiversity Research – The STRIPs project is 
fortunate to have a high degree of collaboration among scientists with a wide array of 
disciplinary expertise, providing a substantial opportunity to gain interdisciplinary 
understanding of how prairie strips function in row-cropped watersheds by studying several 
aspects (ecohydrology, biodiversity, socioeconomics).  However, the scale and units that are 
important for water and soil research are not the same as those generally used to study 
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birds.  As such, the research described in this thesis is unlike the majority of avian 
community studies in the literature.  The experiment has been designed based on the 
percentage and configuration of prairie within row-cropped watersheds and, because the 
watersheds vary in size, the actual area of prairie in watersheds varies.  Due to the variation 
in watershed size, common methods of surveying birds (e.g., point counts, line transects) 
were not feasible for this experiment; thus, surveys were conducted using an area search 
method based on spot mapping (Ralph et al. 1993), which is not affected by the size of 
watersheds, and also allows the surveyor to record information about which habitat (crop 
or prairie) birds are observed in.  The area search method is ideal for this research because 
it allows us to collect data relative to fine scale spatial elements.    
Avian Community Surveys – We conducted bird surveys during the breeding seasons 
(May through July) of 2007 to 2012.  We collected data using area search methods based on 
spot mapping techniques (Ralph, et al. 1993).  Each site was surveyed by walking at an even 
pace (1 km/hr) through the entire site at ≤50 meter intervals.  We recorded all birds 
observed by sight and sound on a detailed site map, including individual birds’ locations 
(crop or prairie) and subsequent movements, along with their species, sex and behavioral 
activity (e.g., singing, foraging, etc.).  Surveys were conducted between 30 minutes before 
sunrise to 4 hours after sunrise on days with suitable weather conditions.  Six observers 
conducted surveys from 2007 to 2012; the principal investigator, technicians trained by the 
supervisor (2007-2009), myself (2010-2012), and a technician trained by me (2011).  As of 
the end of the 2012 field season, we have conducted 1057 surveys, with a minimum of eight 
surveys completed at each site for each season.   
Nest Searching and Monitoring – I conducted systematic nest searching and 
monitoring during May through August in 2010 and 2011.  Nests were encountered by 
flushing incubating females, behavioral observation, or incidental observation of nests in 
suitable plants.  Nest searching methods (Winter et al. 2003) included (1) rope dragging, (2) 
systematic walking, (3) haphazard walking (incidentally flushing females during other field 
activities), and (4) behavioral observation (when a probable nest site is indicated by bird 
behavior).  I marked nests discreetly by attaching flagging tape ≥2m directly north and south 
of the nest in suitable vegetation.  Nests were monitored every 2-4 days until nest fate was 
determined.  To address concerns of human-caused depredation, time and activity at the 
nest site were kept to the minimum, and observers were conscientious of over-trampling 
vegetation, avoided creating dead-end trails at nest sites, and avoided approaching nests 
when visually oriented predators were observed nearby (Ralph et al. 1993).   
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I systematically searched all prairie areas completely, as well as an equivalent area 
of row crops in each site (if 10% of a site was established to prairie, then 10% of the row-
crop area was searched) in 2010 and 2011.  I did not conduct systematic nest searching in 
2012, but I documented and casually monitored the nests I encountered during surveys.   
3. Data Analysis 
 
Data Entry and Organization – We entered survey data into ArcMap (ESRI 2010).  
Each individual bird was entered as a point with data entered in the attribute table (e.g., 
date, species, sex, individual, etc.).  Territorial male songbirds observed at more than one 
location were also entered as line files.  I transferred the GIS point data files to Access 
(Microsoft Office 2010) to append survey and site information to observations.  
Description of data – The dataset included the following explanatory variables: year, 
block, site, total hectares in site, crop hectares in site, prairie hectares in site, treatment, 
number of prairie patches, configuration, landscape, date, Julian date, survey ID, and 
observer.  The variables I chose to include in analyses are described in Table 2.2.   
Table 2.3.  The explanatory variables used in statistical analyses, their levels, and how they were 
used.  Intercept values are italicized unless specified in the right-most column.   
Explanatory 
Variables: 
Levels: How variables were 
used: 
Year 2007, 2008, 2009, 2010, 2011, 2012 Categorical 
Block Basswood, Interim, Orbweaver Categorical 
Total Site Hectares 
(TotalHa) 
0.49-3.24 ha log(totalha) 
Intercept = 1 
Treatment (Trt) 0% prairie, 10% prairie bottom, 10% 
prairie strips, 20% prairie strips, 100% 
prairie 
Categorical 
Julian Date (Julian) 131-209 Intercept = 169 (mean) 
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Detectability – Detection rates are expected to vary among observers, species, and 
with increased distance from observer (Diefenbach et al. 2003).  Detectability might also be 
expected to decrease over time during a given breeding season, due to increasing 
vegetation height, especially of corn.   
 I did not include the observer variable in my analyses because the majority of 
surveys in a given year (with the exception of 2011) were conducted by one person. 
Diefenbach (2003) found that detection rates were <1.0 at distances greater than 25m, and 
60% of birds could go undetected at distances greater than 50m.  We conducted our 
surveys by walking through the entire site at 50m intervals, meaning that the observer was 
<50m from any given point in the site.  Though detectability could be an issue, I believe it 
was minimized by our survey methods, and minimally biased the data.   
Statistical Analyses – I analyzed bird response using total bird abundance (TBA), 
species richness, and diversity.  Statistical analyses were conducted in the R statistical 
environment (R Development Core Team 2011).  A summary of statistical analyses used are 
presented in Table 2.4.   
I conducted analyses using data from all surveys (all observations) for TBA and 
species richness using log-linear regressions for Poisson distributions (appropriate for count 
data).  I analyzed diversity for all observations using a normal linear regression.  The 
analyses for all observations violate the assumption of independence because sites are 
surveyed multiple times each year; therefore, I also analyzed TBA, species richness, and 
diversity using the yearly means with weighted regressions, where the weights represent 
the number of surveys conducted at a site in a year.  Using the yearly means also violates 
the assumption of independence because the same sites were visited each year, but the 
similarity of results for all observations and yearly means likely indicate a strong pattern in 
the data.   
Unidentified species were dealt with differently for each of the analyses, as 
described below, but not included in the general summary section of chapter 3.  Though we 
collected observations of fly-overs utilizing sites (e.g., swallows foraging) during surveys, 
they were excluded from subsequent summaries and analyses, as their presence was more 
likely influenced by the broader landscape context rather than the experimental sites 
themselves.   
Total bird abundance was calculated using all individuals, including unidentified 
species, observed in a site during each survey.  For the observations dataset, I analyzed TBA 
using a Poisson regression, which showed evidence of overdispersion, so I chose to adjust 
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for that by using a quasi-Poisson regression. I analyzed yearly means of TBA with a weighted 
regression.   
Species richness included the number of individual species and/or taxa observed in a 
site during each survey.  Unidentified species were not included in species richness unless 
they were the only observation, or if their taxa (e.g., unknown sparrow, unknown 
flycatcher, etc.) were not already represented by an identified species.  For the observations 
data, I analyzed richness using a Poisson regression.  I analyzed yearly means of species 
richness with a weighted regression.   
Avian diversity was measured using Simpson’s diversity index (1/D), also known as 
the inverse Simpson index.  I chose Simpson’s diversity because it is independent of the 
number of individuals (n), and it slightly favors common species (rather than Shannon’s 
diversity, which slightly favors rare species).  Simpson’s diversity index is based on the 
Simpson’s dominance index: D = Ʃ pi² (pi = proportion of individuals belonging to species i), 
which is the sum relative abundance squared.  The 1/D form was used because it represents 
“true diversity,” or the number of species if all species were equally abundant.   
Simpson’s diversity was calculated using identified species in all surveys; unknown 
species were removed from the dataset to avoid inflating diversity values, with the 
exception of 31 surveys where an unidentified species (e.g., unknown bird, unknown 
sparrow) was the only observation during a survey.  Data included all surveys; surveys with 
no observations were included as zero.  For the observations data, I added 1 to all values 
and analyzed the Simpson’s diversity index using a normal linear regression with the index 
values taken to the logarithm.  The yearly means of Simpson’s diversity index were analyzed 
using a weighted regression.   
Table 2.4.  Statistical analyses used for different datasets and dependent variables.     
 All Observations Means 
Total Bird Abundance quasi-Poisson regression Weighted regression 
Species Richness Poisson regression Weighted regression 
Simpson’s diversity index Normal linear regression Weighted regression 
 
To interpret the results for the regressions based on all observations, the estimates 
were taken to the exponential to return them to the original scale of the data.  Results are 
presented with 95% confidence intervals, with the estimates representing multiplicative 
effects to the intercept.  Results of the weighted regressions on the means dataset are 
presented with 95% confidence intervals, with the estimates representing additive effects. 
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Chapter 3: 
Results 
1. General Summary 
 
We have documented 52 bird species in the STRIPs sites from 2007 to 2012, ranging 
from 20-37 species each year, with an average of 29 species per year.  The most commonly 
observed species across all years were Red-winged Blackbird, Common Yellowthroat, 
American Goldfinch, Dickcissel, Field Sparrow, and Brown-headed Cowbird.  Sixteen species 
comprised 99% of all observations (Figure 3.1).  I did not include unknown bird taxa (e.g. 
unknown bird, unknown sparrow, unknown shorebird, etc.) in subsequent summaries of 
species.   
 
Figure 3.1.  Rank proportion of the sixteen most commonly observed species representing >1% of total 
observations (2007-2012).  Labeled bars represent species accounting for >5% of observations.  Emboldened 
names in red indicate species of greatest conservation need (SGCN) in Iowa.  Italicized names in purple 
indicate species that are not SGCN, but are listed as species of regional concern in the Eastern Tallgrass Prairie 
bird conservation region (PIF 2012).   
 Red-winged Blackbirds were a dominant species during all years, but other species 
such as Common Yellowthroats and Dickcissels became increasingly dominant over time as 
prairie areas became established, while Vesper Sparrows and Grasshopper Sparrows were 
only dominant in 2007, the planting year (Table 3.1).  Dominant species in blocks (Table 3.2) 
and treatments (Table 3.3) are also presented below.   
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Table 3.1.  Top five ranked species by year, with percent of observations.  Emboldened codes 
represent species of greatest conservation need in Iowa.  AMGO = American Goldfinch, BHCO = 
Brown-headed Cowbird, COYE = Common Yellowthroat, DICK = Dickcissel, EABL = Eastern Bluebird, 
EAME = Eastern Meadowlark, FISP = Field Sparrow, GRSP = Grasshopper Sparrow, INBU = Indigo 
Bunting, KILL = Killdeer, RWBL = Red-winged Blackbird, and VESP = Vesper Sparrow.   
 
2007 
n = 302 
2008  
n = 761 
2009 
n = 638 
2010 
n = 1018 
2011 
n = 1376 
2012 
n = 567 
1 
VESP 
(20.9%) 
RWBL 
(12.7%) 
RWBL 
(31.3%) 
COYE 
(18.1%) 
RWBL 
(21.1%) 
DICK 
(21.7%) 
2 
GRSP 
(20.2%) 
FISP 
(11.4%) 
COYE  
(11.3%) 
RWBL 
(15%) 
COYE 
(16.8%) 
RWBL  
(21%) 
3 
RWBL 
(19.2%) 
BHCO 
(9.5%) 
AMGO  
(9.2%) 
AMGO 
(14.8%) 
DICK 
(12.8%) 
COYE 
(18.2%) 
4 
EABL  
(8.3%) 
AMGO &INBU  
(9.2%) 
KILL  
(8.3%) 
FISP  
(11%) 
AMGO 
(12.5%) 
AMGO 
(9.7%) 
5 
KILL  
(7.6%) 
COYE  
(6.2%) 
EAME & FISP 
(5.3%) 
INBU 
(8.8%) 
BHCO 
(8.1%) 
FISP  
(7.2%) 
 
Total species richness for 2007-2012 was similar for all three blocks (Basswood = 35, 
Interim = 36, and Orbweaver = 35).  Blocks shared many of the most abundant species, but 
slightly differed for some less abundant species (Table 3.2).  Field Sparrows ranked first in 
Basswood, fifth in Orbweaver, and comprised only 1.3% of observations in Interim, while 
Dickcissels showed an opposite trend; they ranked third and fourth in Interim and 
Orbweaver, respectively, but were 2.7% of the observations in Basswood.   
Table 3.2.  Top five ranked species in each block, with percent of observations.  Emboldened codes 
represent species of greatest conservation need in Iowa.  AMGO = American Goldfinch, BHCO = 
Brown-headed Cowbird, COYE = Common Yellowthroat, DICK = Dickcissel, FISP = Field Sparrow, 
RWBL = Red-winged Blackbird.   
 
Basswood 
n = 1234 
Interim 
n = 1998 
Orbweaver 
n = 1417 
1 FISP (16%) RWBL (27.3%) RWBL (15.8%) 
2 RWBL (11.9%) COYE (15.2%) AMGO (14.9%) 
3 AMGO (11.2%) DICK (11.6%) COYE (14.1%) 
4 COYE (10.9%) AMGO (8.2%) DICK (12.6%) 
5 BHCO (7%) BHCO (6.1%) FISP (8.5%) 
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 Overall species richness for treatments varied (0% prairie = 27 species, 10% prairie 
bottom = 43 species, 10% prairie strips = 31 species, 20% prairie strips = 33 species, and 
100% prairie = 14 species).  Experimental watersheds with prairie treatments (10-20% 
prairie) shared similar dominant species, while watersheds with 0% and 100% prairie 
changed slightly (Table 3.3): Dickcissel and Common Yellowthroat were ranked highest in 
the 100% prairie treatment, but were not ranked high in the 0% prairie treatment, while 
Killdeer was ranked second in the 0% prairie treatment, but not ranked within the top five 
of any treatment with prairie (Table 3.3).   
Table 3.3.  Top five ranked species in each treatment, with percent of observations.  Emboldened 
codes represent species of greatest conservation need in Iowa.  AMGO = American Goldfinch, BHCO 
= Brown-headed Cowbird, COYE = Common Yellowthroat, DICK = Dickcissel, FISP = Field Sparrow, 
INBU = Indigo Bunting, KILL = Killdeer, RWBL = Red-winged Blackbird, SEWR = Sedge Wren, and SOSP 
= Song Sparrow.  *100% prairie sites were only surveyed in 2011 and 2012.   
 
0% prairie 
 
n = 470 
10% prairie 
bottom 
n = 1295 
10% prairie 
strips 
n = 1447 
20% prairie 
strips 
n = 1192 
100% prairie * 
 
n = 247 
1 
RWBL  
(25.3%) 
RWBL  
(23%) 
RWBL  
(20%) 
RWBL  
(16.6%) 
DICK  
(41.3%) 
2 
KILL  
(11.9%) 
COYE  
(12.4%) 
COYE  
(16.7%) 
AMGO  
(14.9%) 
COYE  
(25.9%) 
3 
BHCO  
(10.4%) 
AMGO  
(10.2%) 
AMGO  
(10.8%) 
COYE  
(13.8%) 
BHCO  
(8.1%) 
4 
AMGO  
(7.4%) 
FISP  
(8.9%) 
FISP  
(7.9%) 
DICK  
(13.3%) 
AMGO & RWBL 
(4.9%) 
5 
FISP  
(7.2%) 
BHCO & SOSP 
(5.5%) 
INBU  
(7.4%) 
FISP  
(6.5%) 
SEWR  
(4%) 
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2. Total Bird Abundance 
Total bird abundance (TBA) ranged from zero to 33 individuals present in a 
watershed during a survey, with an overall mean of 5.0.  Means for treatments and years 
ranged from 1.0 to 7.7 (Table 3.4).  TBA means were generally higher in the experimental 
prairie treatments than the 0% prairie or 100% prairie treatments, and in years following 
2007 (Figure 3.2).   
Table 3.4.  Mean and standard deviation for total bird abundance for each year and treatment. 
TBA 0% prairie 
10% prairie 
bottom 
10% prairie 
strips 
20% prairie 
strips 
100% prairie 
2007 2.3 ± 2.1 3.5 ± 2.8 3.3 ± 1.9 4.2 ± 3.6 NA 
2008 2.8 ± 2.3 7.7 ± 4.2 7.4 ± 5.1 5.7 ± 3.4 NA 
2009 3.1 ± 2.7 7.5 ± 5.8 6.8 ± 7.1 6.5 ± 7.0 NA 
2010 1.9 ± 2.3 5.3 ± 4.3 6.6 ± 4.2 5.7 ± 5.8 NA 
2011 2.4 ± 2.4 6.4 ± 4.7 7.2 ± 6.6 5.1 ± 4.5 3.5 ± 3.2 
2012 1.0 ± 1.4 4.4 ± 3.7 6.8 ± 6.5 5.5 ± 4.8 3.8 ± 2.5 
 
 
Figure 3.2.  Mean total bird abundance with standard error bars for treatments and years 2007-
2012.  * 100% prairie watersheds surveyed in 2011 and 2012 only.   
 The results of the quasi-Poisson regression (Table 3.5) for all observations of TBA 
show that all explanatory variables were significant.  Year, block, treatment, size and Julian 
date all increased in comparison to the intercept (year = 2007, block = Basswood, treatment 
= 0% prairie, size = 1 ha, Julian date = 169).   TBA peaked in the two years after prairie 
establishment, and then declined.  Interim and Orbweaver (open landscape) had 
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significantly greater TBA than Basswood (wooded landscape), with Interim having the 
greatest increase.  Watersheds with prairie had significantly higher bird abundance than 
entirely cropped watersheds (Figure 3.2), with the greatest increases for experimental 
prairie treatments; the 100% prairie treatment was significantly greater than 0% prairie, but 
showed smaller increases than the experimental prairie strips watersheds.  Though size was 
significant, it was included in the model to control for its effect.  Julian date showed small 
increases as the season progressed.   
The results of the weighted regression (Table 3.6) for yearly means of TBA showed 
trends similar to the quasi-Poisson regression for all observations, except that 2012 was not 
significantly different from 2007, and I did not include Julian date in the model.   
Table 3.5.  Results of quasi-Poisson regression for total bird abundance using all observations.  
Intercept represents year = 2007, block = Basswood, treatment = 0% prairie, size = 1 ha, Julian = 169.  
Note that 100% prairie watersheds were only surveyed in 2011 and 2012.   
Significance  codes: ‘***’ = 0; ‘**’ = 0.001; ‘*’ = 0.01;   ‘.’ = 0.05; and ‘ NS’ ≥ 0.1.  
Total Bird 
Abundance 
quasi-Poisson 
Regression 
for all observations Estimate 
Lower 
(2.5%) 
Upper 
(97.5%) 
Increase 
compared to 
Intercept 
  (Intercept) 0.88 0.68 1.11 NS 
Multiplicative Effects 
Year 2008 1.77 1.48 2.12 48-112% *** 
2009 1.89 1.57 2.28 57-128% *** 
2010 1.46 1.23 1.74 23-74% *** 
2011 1.48 1.25 1.76 25-76% *** 
2012 1.33 1.11 1.62 11-62% ** 
Block Interim 2.40 1.99 2.91 99-191% *** 
Orbweaver 1.90 1.61 2.25 61-125% *** 
Treatment 10% prairie bottom 2.13 1.82 2.51 82-151% *** 
10% prairie strips 2.80 2.33 3.36 133-236% *** 
20% prairie strips 2.94 2.47 3.51 147-251% *** 
100% prairie 1.54 1.24 1.89 24-89% *** 
Size log(Total Hectares) 1.38 1.23 1.56 23-56% *** 
Julian Date   1.00 1.00 1.01 0-1% *** 
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Table 3.6.  Results of weighted regression on yearly means for total bird abundance.  Intercept 
represents year = 2007, block = Basswood, treatment = 0% prairie, size = 1 ha.  Note that 100% 
prairie watersheds were only surveyed in 2011 and 2012.   
Significance  codes: ‘***’ = 0; ‘**’ = 0.001; ‘*’ = 0.01;   ‘.’ = 0.05; and ‘ NS’ ≥ 0.1. 
Total Bird  
Abundance 
Weighted Regression 
for means 
Estimate 
Lower 
(2.5%) 
Upper 
(97.5%) 
Sig 
  (Intercept) -0.65 -2.36 1.05 NS 
Year 
2008 2.60 1.01 4.20 ** 
2009 2.74 1.08 4.41 ** 
2010 1.68 0.22 3.13 * 
2011 1.83 0.40 3.26 * 
2012 1.26 -0.35 2.87 NS 
Block 
Interim 3.36 1.96 4.77 *** 
Orbweaver 1.41 0.06 2.77 * 
Treatment 
10% prairie bottom 2.45 1.28 3.61 *** 
10% prairie strips 3.52 2.17 4.88 *** 
20% prairie strips 4.01 2.79 5.24 *** 
100% prairie 1.44 -0.24 3.12 . 
Size log(Total Hectares) 3.10 2.12 4.07 *** 
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3. Species Richness 
 
 Species richness ranged from zero to 14 species observed in a watershed during a 
survey, with an overall mean of 2.6 species.  Means for treatments and years ranged from 
0.6 to 4.5 (Table 3.7), and were generally greater in the experimental prairie treatments 
than the 0% prairie or 100% prairie treatments (Figure 3.3).   
Table 3.7.  Mean and standard deviation for species richness for years and treatments.  
Richness 0% prairie 
10% prairie 
bottom 
10% prairie 
strips 
20% prairie 
strips 
100% prairie 
2007 1.5 ± 1.1 1.9 ± 1.3 2.0 ± 1.0 2.2 ± 1.2 NA 
2008 1.7 ± 1.3 4.5 ± 2.3 4.4 ± 2.6 3.6 ± 1.5 NA 
2009 1.8 ± 1.4 4.1 ± 2.4 3.3 ± 3.1 3.0 ± 2.2 NA 
2010 1.1 ± 1.2 3.0 ± 2.2 3.4 ± 2.0 2.8 ± 2.2 NA 
2011 1.4 ± 1.2 3.3 ± 1.8 3.3 ± 2.0 2.5 ± 1.6 1.8 ± 1.3 
2012 0.6 ± 0.7 2.4 ± 1.6 2.7 ± 2.0 2.6 ± 1.8 2.1 ± 1.4 
 
 
Figure 3.3.  Mean species richness with standard error bars for treatment and years 2007-2012.  * 
100% prairie watersheds surveyed in 2011 and 2012 only.   
 Species richness had similar results for the Poisson regression (Table 3.8) and the 
weighted regression (Table 3.9).  Years 2008-2011 had significantly greater species richness 
than 2007, with the largest increases in 2008 and 2009, but 2012 showed no statistical 
difference from 2007.  The block and treatment effects followed similar trends as the 
results for TBA, with significant increases for blocks in open landscapes and treatments 
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containing prairie.  Julian date was not significant in the Poisson regression, and was 
removed from the model.  
Table 3.8.  Results of Poisson regression for species richness using all observations.  Intercept 
represents year = 2007, block = Basswood, treatment = 0% prairie, size = 1 ha, Julian = 169.  Note 
that 100% prairie watersheds were only surveyed in 2011 and 2012.   
Significance  codes: ‘***’ = 0; ‘**’ = 0.001; ‘*’ = 0.01;   ‘.’ = 0.05; and ‘ NS’ ≥ 0.1. 
Species 
Richness 
 Poisson Regression 
for all observations 
Estimate 
Lower 
(2.5%) 
Upper 
(97.5%) 
Increase 
compared to 
Intercept 
  (Intercept) 0.60 0.47 0.75 *** 
Multiplicative Effects 
Year 
2008 1.87 1.58 2.22 58-122% *** 
2009 1.63 1.37 1.95 37-94% *** 
2010 1.39 1.18 1.65 18-65% *** 
2011 1.34 1.14 1.58 14-58% *** 
2012 1.13 0.94 1.37 NS 
Block 
Interim 2.14 1.79 2.57 79-157% *** 
Orbweaver 1.72 1.47 2.01 47-101%  *** 
Treatment 
10% prairie bottom 2.18 1.88 2.54 88-154% *** 
10% prairie strips 2.58 2.18 3.07 118-207% *** 
20% prairie strips 2.59 2.20 3.06 120-206% *** 
100% prairie  1.60 1.30 1.96 31-97% *** 
Size log(Total Hectares) 1.19 1.06 1.33 6-33% ** 
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Table 3.9.  Results of weighted regression on yearly means for species richness.  Intercept 
represents year = 2007, block = Basswood, treatment = 0% prairie, size = 1 ha.  Note that 100% 
prairie watersheds were only surveyed in 2011 and 2012.   
Significance  codes: ‘***’ = 0; ‘**’ = 0.001; ‘*’ = 0.01;   ‘.’ = 0.05; and ‘ NS’ ≥ 0.1. 
Species Richness 
Weighted Regression 
for means 
Estimate 
Lower 
(2.5%) 
Upper 
(97.5%) 
Sig 
  (Intercept) -0.03 -0.67 0.61   
Year 
2008 1.65 1.05 2.25 *** 
2009 1.19 0.56 1.82 *** 
2010 0.74 0.19 1.29 ** 
2011 0.64 0.10 1.18 * 
2012 0.26 -0.34 0.87  NS 
Block 
Interim 1.55 1.02 2.08 *** 
Orbweaver 0.72 0.20 1.23 ** 
Treatment 
10% prairie bottom 1.48 1.04 1.92 *** 
10% prairie strips 1.76 1.24 2.27 *** 
20% prairie strips 1.86 1.39 2.32 *** 
100% prairie  0.86 0.23 1.50 ** 
Size log(Total Hectares) 1.07 0.70 1.43 *** 
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4. Simpson’s Diversity Index  
 
Values for the diversity index (1/D) ranged from 0 to 10.9, with an overall mean of 2.2.  
Diversity index means for specific treatment-year combinations ranged from 0.5 to 3.6 
(Table 3.10).  Because most unknown species were removed from the dataset before 
analysis, the Simpson’s diversity indices reported here are more conservative, and 
represent a minimum diversity value.  
Table 3.10.  Mean and standard deviation for Simpson’s diversity index (1/D) for years and 
treatments.   
Simpson's 
Diversity 
0% prairie 
10% prairie 
bottom 
10% prairie 
strips 
20% prairie 
strips 
100% 
prairie 
2007 1.3 ± 0.9 1.7 ± 1.1 1.8 ± 0.9 1.8 ± 0.9 NA 
2008 1.5 ± 1.2 3.6 ± 1.8 3.6 ± 2.1 3.1 ± 1.3 NA 
2009 1.6 ± 1.2 3.4 ± 2.0 2.6 ± 2.3 2.5 ± 1.7 NA 
2010 1.0 ± 1.1 2.4 ± 1.8 2.9 ± 1.6 2.3 ± 1.7 NA 
2011 1.2 ± 1.0 2.63 ± 1.41 2.6 ± 1.4 2.1 ± 1.2 1.5 ± 0.9 
2012 0.5 ± 0.6 2.05 ± 1.19 2.2 ± 1.6 2.2 ± 1.3 1.9 ± 1.1 
 
 
Figure 3.4.  Means of Simpson’s diversity index (1/D) with standard error bars for treatment and 
years 2007-2012.  * 100% prairie watersheds surveyed in 2011 and 2012 only.   
 The results for Simpson’s diversity index were similar for the linear regression on all 
observations and the weighted regression on yearly means.  All explanatory variables 
showed significant increases from the mean except for 2012.  Though significant, the 
increases for years 2010 and 2011, the Orbweaver block, and the 100% prairie treatments 
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were muted in the weighted regression for means, compared to their effect and significance 
levels in the normal linear regression for all observations.  Julian date was not significant in 
the normal linear regression, and was removed from the model.  
Table 3.11.  Results of linear regression for Simpson’s diversity index (1/D) using all observations.  
Intercept represents year = 2007, block = Basswood, treatment = 0% prairie, size = 1 ha.  Note that 
100% prairie watersheds were only surveyed in 2011 and 2012.   
Significance  codes: ‘***’ = 0; ‘**’ = 0.001; ‘*’ = 0.01;   ‘.’ = 0.05; and ‘ NS’ ≥ 0.1 1.  
Simpson's 
Diversity Index 
 Linear Regression 
for all observations 
Estimate 
Lower 
(2.5%) 
Upper 
(97.5%) 
Increase 
compared to 
Intercept 
  (Intercept) 1.34 1.20 1.49 *** 
Multiplicative Effects 
Year 
2008 1.43 1.29 1.58 29-58% *** 
2009 1.25 1.12 1.39 12-39% *** 
2010 1.12 1.02 1.22 2-22% * 
2011 1.11 1.01 1.22 1-22% * 
2012 1.00 0.90 1.11 NS 
Block 
Interim 1.57 1.43 1.72 43-72% *** 
Orbweaver 1.33 1.22 1.46 22-46% *** 
Treatment 
10% prairie bottom 1.61 1.50 1.74 50-74% *** 
10% prairie strips 1.80 1.65 1.97 65-97% *** 
20% prairie strips 1.80 1.67 1.95 67-95% *** 
100% prairie  1.38 1.24 1.54 24-54% *** 
Size log(Total Hectares) 1.16 1.09 1.23 9-23% *** 
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Table 3.12.  Results of weighted regression on yearly means for Simpson’s diversity index (1/D).  
Intercept represents year = 2007, block = Basswood, treatment = 0% prairie, size = 1 ha.  Note that 
100% prairie watersheds were only surveyed in 2011 and 2012.   
Significance  codes: ‘***’ = 0; ‘**’ = 0.001; ‘*’ = 0.01;   ‘.’ = 0.05; and ‘ NS’ ≥ 0.1. 
Simpson's 
Diversity 
Weighted Regression 
for means 
Estimate 
Lower 
(2.5%) 
Upper 
(97.5%) 
Sig 
  (Intercept) -0.65 -2.36 1.05 NS 
Year 
2008 2.60 1.01 4.20 ** 
2009 2.74 1.08 4.41 ** 
2010 1.68 0.22 3.13 * 
2011 1.83 0.40 3.26 * 
2012 1.26 -0.35 2.87 NS 
Block 
Interim 3.36 1.96 4.77 *** 
Orbweaver 1.41 0.06 2.77 * 
Treatment 
10% prairie bottom 2.45 1.28 3.61 *** 
10% prairie strips 3.52 2.17 4.88 *** 
20% prairie strips 4.01 2.79 5.24 *** 
100% prairie  1.44 -0.24 3.12 . 
Size log(Total Hectares) 3.10 2.12 4.07 *** 
 
 
5. Nesting 
 
 Since 2008 we have documented a total of 60 nests belonging to 11 species.  I 
monitored 40 nests in 2010 and 2011, and casually monitored 12 nests in 2012 (i.e., nests 
were not monitored on a regular schedule, but were checked during surveys).  Of the 52 
nests monitored, at least 13 fledged successfully.  About a quarter of the nests monitored 
since 2010 were parasitized by Brown-headed Cowbirds.  Red-winged Blackbird and 
Dickcissel accounted for over half the total nests documented (Table 3.13).   
 In 2008, the surveyor encountered one Brown Thrasher nest in a 20% prairie strips 
treatment in the Orbweaver block.  In 2009, the surveyor encountered one Indigo Bunting 
nest in a 10% prairie bottom treatment in the Orbweaver block.   
In 2010 I located and monitored 17 nests belonging to eight species, five of which 
fledged successfully: one Red-winged Blackbird nest in 10% prairie bottom, and one 
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Common Yellowthroat nest in 10% prairie strips in the Interim block; and one Vesper 
Sparrow and two Dickcissel nests in the 20% prairie strips treatment in the Orbweaver 
block. 
In 2011 I located and monitored 25 nests belonging to six species, six of which 
fledged successfully: two Red-winged Blackbird nests from a 10% prairie bottom treatment 
in the Interim block; two Dickcissel nests from a 20% prairie strips treatment in the 
Orbweaver block; and two Dickcissel nests from the 100% prairie sites in Interim and 
Orbweaver blocks.  
In 2012 I located 12 nests belonging to three species.  Two Red-winged Blackbird 
nests in the 10% prairie strips treatment in the Interim block fledged successfully.  There 
were two likely successful nests: one Red-winged Blackbird nest in the 20% prairie strips site 
in the Orbweaver block; and one Dickcissel nest in the 10% prairie strips treatment in the 
Interim block.   
Table 3.13.  Nests documented in STRIPs sites by species and year.  Successful nests are presented 
as the number of fledged nests out of monitored nests.  Values in parentheses represent the total 
number of nests documented, including those found but not monitored.  Note that nests were 
casually monitored in 2012, and values are reported as the minimum number of successful nests. 
There was one * unconfirmed successful Dickcissel nest, and an ** additional unconfirmed 
successful Red-winged Blackbird nest not reported in the table as successful in 2012.  Emboldened 
birds represent species of greatest conservation need in Iowa.   
Species 2008 2009 2010 2011 2012 Total 
Killdeer   (1)   1 
Brown Thrasher (1)     1 
Sedge Wren    0/1  1 
Common Yellowthroat   1/1 0/2 0/1 4 
Field Sparrow   0/2 0/1  3 
Vesper Sparrow   1/2   2 
Song Sparrow   0/1 0/4  5 
Indigo Bunting  (1) 0/3 (4)   5 
Dickcissel   2/3 4/7 0/4  * 14 
Red-winged Blackbird   1/4 3/8 2/7 ** 19 
American Goldfinch   0/1 (3) 0/1 (2)  5 
Total (1) (1) 17 (21) 24 (25) 12 60 
 
 
31 
 
Chapter 4: 
Discussion 
 
My objective in this study was to understand how birds respond to the 
establishment of small prairie strips within row-cropped landscapes, based on the presence 
of prairie, the years since establishment, the amount of prairie, and the surrounding 
landscape.   
 My first hypothesis predicted that total bird abundance (TBA), species richness, and 
diversity would be greater in watersheds with prairie treatments than entirely cropped 
watersheds.  The results provided overwhelming support for this hypothesis: all prairie 
treatments had significant increases in TBA, richness, and diversity compared to the 0% 
prairie treatment.   
 Secondly, I predicted that TBA, species richness, and diversity would increase in the 
years following planting in 2007.  This was true for 2008 and 2009, which showed the 
greatest increases in the first two years after establishment.  However, all results showed a 
drop-off in 2010 and 2011, which were still significantly greater than 2007, but were smaller 
increases compared to 2008 and 2009.  2012 was only significant in the quasi-Poisson 
regression for TBA, and was not significantly different from 2007 in any other analyses for 
TBA, species richness, and diversity.   
 Third, I hypothesized that TBA, species richness, and diversity would increase as the 
percentage of prairie increased.  If this was true, one would expect an increase from 10% to 
20% prairie, and an increase from the experimental prairie strips treatments to the 100% 
prairie watersheds.  Though the experimental prairie strips treatments were not 
significantly different from one another, the values for TBA, richness, and diversity in the 
10% prairie strips treatment were more similar to the 20% strips treatment than to the 10% 
prairie bottom treatment.  The 10% and 20% strips treatments had consistently greater 
increases than the 10% prairie bottom treatments for all analyses on all dependent 
variables, alluding to the value of having multiple patches of habitat in a site.  When I added 
the 100% prairie sites to the study, I expected that they would have increased TBA, richness, 
and diversity compared to the experimental prairie strips treatments.  However, the results 
indicate the opposite; though 100% prairie treatments had greater TBA, richness, and 
diversity compared to 0% prairie treatments, they had lower estimates than all of the 
experimental prairie strips treatments in every analysis.   
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 My fourth hypothesis predicted that bird responses would be influenced by 
landscape context.  I used the experimental blocks to test for this.  The reference level used 
in the intercept for analyses was the Basswood block, which is nested within a wooded 
landscape.  The other two blocks are located within more open landscapes; Interim is 
surrounded by reconstructed prairie, and Orbweaver is surrounded by a combination of 
reconstructed prairie and row-crop fields (Figure 1.1).  Interim and Orbweaver showed 
significantly greater TBA, richness, diversity compared to the Basswood block in every 
analysis, and the estimates for Interim were greater than those for Orbweaver in all results.   
 In this study, the presence of small prairie strips in row-cropped watersheds had a 
positive effect on bird biodiversity.  Though the results from this experiment herald the 
potential benefits that prairie strips could provide to wildlife in agricultural landscapes, I 
stress that this conservation practice is not a replacement for large habitat reserves, and 
that further research is necessary to determine whether small prairie strips might function 
as a source or sink habitat for birds and other wildlife.  Furthermore, it is important to 
recognize that bird response is also a factor of years since establishment, habitat 
management, landscape context, and that responses vary among species.   
 Though agricultural fields can be considered a type of habitat, they have limited 
value for birds.  Best et al. (1995) found that bird species abundances are lowest in some 
agricultural habitats, such as tilled row crop.  Similarly, birds in our study had the lowest 
estimates for TBA, species richness, and diversity in the 100% row crop watersheds.   
 The presence of small semi-natural habitats such as fencerows, roadsides, and 
terraces can be valuable for wildlife in agricultural landscapes (Best 1983; Camp and Best 
1993, 1994; Hultquist and Best 2001).  Best et al. (1990) observed about five times more 
birds using the perimeters of corn fields than the centers, and found that bird abundance in 
corn fields decreases logarithmically as field size increases.  As farm size has increased, 
fencerows and other uncultivated areas have been removed (Rodenhouse et al. 1993), 
thereby removing small refuges that provided escape cover, foraging sites, and nesting sites 
for birds (Best 1983).   
 There are opportunities to restore small, linear habitats in agricultural areas through 
several existing conservation practices promoted by the USDA.  Grassed waterways, filter 
strips, and field borders have been shown to increase bird abundance and richness 
compared to the surrounding farmland in several studies (Bryan and Best 1991; Henningsen 
and Best 2005; Davros 2005; Conover et al. 2009; Berges et al. 2010) – trends mirrored by 
results from the STRIPs Project.   
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 In some studies of birds using linear habitats, abundance and richness have been 
shown to increase with strip width, often with greater bird and nest densities than block 
habitats (Best 2000; Conover et al. 2009).  The differences I observed between experimental 
prairie strips treatments and 100% prairie treatments are not what I predicted, but they are 
consistent with the trends reported for linear habitats and blocks in other studies.   
Despite the positive response of birds to linear conservation practices similar to the 
STRIPs Project, such practices do have apparent drawbacks; the majority of species using 
such habitats tend to be generalist species, and despite greater nest densities compared to 
many block habitats, nest success tends to be lower for strip-cover habitats (Best 2000; 
Clark and Reeder 2005).  To understand the value of linear habitats for birds, it is important 
to consider the requirements of individual species.     
Grassland birds of conservation concern tend to be area-sensitive, and a number of 
studies have documented their dependence on large habitat patches (Herkert 1994; Vickery 
et al. 1994; Walk and Warner 1999).  Area requirements can vary among species and region 
(Herkert 1994; Johnson and Igl 2001), but it is likely that small prairie strips would not 
provide adequate breeding habitat for species with strong area-sensitivity.  For example, 
Henslow’s Sparrows and Bobolinks – two area-sensitive birds of conservation concern – 
both occur on the refuge, but Henslow’s Sparrows have never been observed within STRIPs 
sites, and Bobolinks rarely venture into our watersheds from surrounding prairie areas.   
 Current efforts to stem grassland bird declines have been focused on protecting and 
managing large blocks of grassland habitat (Ribic et al. 2009), which are critical for 
conserving area-sensitive species (Walk and Warner 1999, Quinn et al. 2012).  However, 
prairie strips could augment our reserve system, and create a mosaic of structurally diverse, 
native habitat throughout agricultural landscapes which could be beneficial for biodiversity 
(Benton et al. 2003), including some bird species that are not as dependent on large areas, 
such as Dickcissels (Herkert 1994), and Field Sparrows (Vickery et al. 1994).   
The value of prairie strips for birds and other wildlife is dependent on several other 
factors; the surrounding landscape (Walk and Warner 1999; Ribic and Sample 2001; Bakker 
et al. 2002), vegetation characteristics (McCoy et al. 2001; Conover et al. 2011), and habitat 
management (Walk and Warner 2000; Askins et al. 2007; With et al. 2008) also play an 
important role in determining the value of habitat for various species.   
Landscape context is an important factor to consider for grassland bird 
management, which may affect birds in large blocks as well as small habitats.  Ribic and 
Sample (2001) found that the vegetative cover-type diversity of the surrounding landscape 
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was more important for predicting bird density than field size in Southern Wisconsin.  In 
Illinois, Warner (1994) observed higher nest densities and species diversity on study plots 
with heterogeneous cover types, grassland nearby, and corridors connecting plots to the 
surrounding land.  These findings lend support to the idea that prairie strips could increase 
connectivity between reserves.  Considering the extensive fragmentation of habitat in Iowa, 
such prairie corridors could help maintain genetic and overall species diversity.  Benefits of 
prairie strips for birds are likely to increase with increased size and connectivity to existing 
habitat patches, but further research is needed to determine how those factors function to 
improve habitat quality.   
The STRIPs research sites are nested within an expansive grassland habitat matrix, 
which may influence the bird responses I observed.  Also, roughly half of the experimental 
watersheds were located in wooded or shrubby habitats, while the other half were located 
in more open habitats.  The surrounding landscape undoubtedly affected the bird 
community in terms of species presence, but this study was not able to address how this 
functions at different scales (i.e., the refuge scale vs. the management unit scale).   
Diversity at the landscape scale is important, but so is diversity within prairie 
patches.  The biodiversity aspect of the STRIPs Project is founded on the idea that the 
diversity of the vegetation (i.e., native prairie) will improve diversity at other scales.  
Vegetative diversity is beneficial for birds, especially in terms of providing a variety of 
nesting sites, as well as increasing arthropod abundance (McIntyre and Thompson 2003; 
Robertson et al. 2011), an important source of food for nestlings.   
In the STRIPs Project, birds responded positively to the establishment of prairie 
strips, which is reflected by the significant year effect on TBA, species richness, and 
abundance following prairie planting in 2007.  However, year effect may also reflect 
weather conditions and transitioning bird community composition as vegetation changed.   
The estimates for 2008 and 2009 were greater than estimates for subsequent years.  
Surveyors in 2008 noted that a number of woodland bird species were observed in sites 
foraging for invertebrates on the soil surface during an especially wet year.  However, this 
might also be attributed to intermediate species using prairie strips in the establishment 
phase.  Olechnowski et al. (2009) studied changes in bird community composition in 
reconstructed prairies at Neal Smith NWR and found that diversity peaked at survey points 
that were 2-3 years out of crop rotation, and for points that were at least six years out of 
rotation.   
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Estimates for abundance, richness and diversity were much lower in 2012 than the 
previous five years, and were not significantly different from 2007 in most analyses.  These 
results follow the pattern of decreasing estimates after the peak in 2008; however, early 
spring 2012 was dry, which allowed the farmer to plant earlier.  As corn grows, it eliminates 
habitat for open habitat species such as Killdeer, Horned Larks, and Vesper Sparrows, so 
that could be one explanation for fewer birds.  2012 also experienced the worst drought 
since the 1930s, and the hot, dry weather seemed to shorten the breeding season for many 
species, compared to past years.   
Despite the pattern of decreased TBA, species richness, and diversity in years 
following 2008 and 2009, it is important to note that grassland-dependent species such as 
Dickcissel and Common Yellowthroat became more dominant in 2010 and subsequent 
years.  This is also consistent with Olechnowski’s (2009) study of bird communities in years 
following prairie establishment.  Not only did those species become more abundant in 
STRIPs sites, but they were also documented nesting.  Though my sample sizes for nests did 
not allow me to conduct analyses on nesting, the nesting activity, along with some 
successfully fledged nests, indicate that the STRIPs conservation practice has the potential 
to provide breeding habitat for birds in agricultural landscapes.   
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Chapter 5: 
Conclusion 
  
My objective was to determine how birds respond to habitat provided by diverse 
prairie strips in row-crop fields, and I found an overall positive response to the prairie strips 
in terms of total bird abundance, species richness, and diversity.  This research, combined 
with other studies conducted for the STRIPs project, indicates that prairie strips can 
effectively address the most important environmental issues associated with row-crop 
agriculture, by bringing vast improvements in water quality and biodiversity while only 
taking small amount of land out of production.   
Our initial findings demonstrate that prairie strips have the potential to provide 
habitat for a variety of plants, insects, birds, and other wildlife, but they also affirm the 
need to learn more about how prairie strips function as habitat on the landscape.  Despite 
having six years of data, the high inter-annual variation for weather (e.g., floods, droughts), 
crop management, and fluctuation in bird populations is limiting our ability to fully 
understand the processes that drive the patterns in our data.  Continued monitoring will be 
necessary to elucidate the effects of such variation.   
The STRIPs research sites are experimental watersheds; they are smaller than the 
practical scale at which a landowner would implement prairie strips within a row-cropped 
field.  Additionally, our research sites are nested within an extensive restored grassland 
matrix, which may affect our findings.  Therefore a key objective for future research is to 
test the STRIPs practice on the farm field scale, in a variety of landscape contexts, to 
determine how those factors may affect bird use of habitat strips in crop fields.   
Our understanding of the habitat value of prairie strips would be supplemented by 
future research conducted during migration and wintering seasons.  Also, understanding 
the ecosystem services provided by birds in crop fields (e.g., consuming weed seeds, 
preying on insect pests) could garner support for farmers implementing prairie strips in 
their own fields.  Finally, though these data indicate that even small strips and patches of 
habitat can be beneficial for wildlife, future research should consider testing their additional 
function as corridors.   
Overall this experiment is showing that prairie strips can be a valuable tool for 
improving ecosystem health in agricultural lands, especially in terms of increasing 
biodiversity and landscape heterogeneity.   
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Appendix A:   
Bird Species List 
 
Common Name Scientific Name Species 2007 2008 2009 2010 2011 2012 
Mallard Anas platyrhynchos MALL     x       
Ring-necked 
Pheasant Phasianus colchicus RPHE x x x x x x 
Wild Turkey Meleagris gallopavo WITU x x   x     
Killdeer Charadrius vociferus KILL x x x x x x 
Solitary Sandpiper Tringa solitaria SOSA   x         
Greater Yellowlegs Tringa melanoleuca GRYE   x         
Upland Sandpiper Bartramia longicauda UPSA   x         
Unknown Shorebird 
Gallinago sp. / 
Scolopax sp. UKSH       x     
Mourning Dove Zenaida macroura MODO x x x   x x 
Eastern Screech Owl Megascops asio EASO     x       
Ruby-throated 
Hummingbird Archilochus colubris RTHU       x   x 
Red-headed 
Woodpecker 
Melanerpes 
erythrocephalus RHWO x x x   x   
Yellow-bellied 
Sapsucker Sphyrapicus varius YBSA   x         
Downy Woodpecker Picoides pubescens DOWO         x   
Hairy Woodpecker Picoides villosus HAWO       x     
Northern Flicker Colaptes auratus NOFL     x x x   
Eastern Wood-Pewee Contopus virens EAWP   x         
Willow Flycatcher Empidonax traillii WIFL x           
Eastern Phoebe Sayornis phoebe EAPH   x x x x x 
Great Crested 
Flycatcher Myiarchus crinitus GCFL   x         
Eastern Kingbird Tyrannus tyrannus EAKI x x x   x x 
Blue Jay Cyanocitta cristata BLJA     x   x x 
Horned Lark Eremophila alpestris HOLA x x x x x x 
Barn Swallow Hirundo rustica BARS         x   
House Wren Troglodytes aedon HOWR   x         
Sedge Wren Cistothorus platensis SEWR       x x x 
Eastern Bluebird Sialia sialis EABL x x x     x 
American Robin Turdus migratorius AMRO x x x x x x 
Gray Catbird 
Dumetella 
carolinensis GRCA   x x x x x 
Brown Thrasher Toxostoma rufum BRTH x x x x x x 
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Common 
Yellowthroat Geothlypis trichas COYE   x x x x x 
Yellow Warbler Setophaga petechia YEWA 
 
x         
Eastern Towhee 
Pipilo 
erythrophthalmus EATO   x         
Chipping Sparrow Spizella passerina CHSP x x         
Field Sparrow Spizella pusilla FISP x x x x x x 
Vesper Sparrow Pooecetes gramineus VESP x x x x x x 
Lark Sparrow 
Chondestes 
grammacus LASP x x x x x x 
Savannah Sparrow 
Passerculus 
sandwichensis SAVS   x x x x   
Grasshopper Sparrow 
Ammodramus 
savannarum GRSP x x   x x x 
Song Sparrow Melospiza melodia SOSP x x x x x x 
Lincoln's Sparrow Melospiza lincolnii LISP         x   
Northern Cardinal Cardinalis cardinalis NOCA     x       
Indigo Bunting Passerina cyanea INBU   x x x x x 
Dickcissel Spiza americana DICK x x x x x x 
Bobolink Dolichonyx oryzivorus BOBO     x   x x 
Red-winged Blackbird Agelaius phoeniceus RWBL x x x x x x 
Eastern Meadowlark Sturnella magna EAME x x x x x x 
Common Grackle Quiscalus quiscula COGR   x x   x   
Brown-headed 
Cowbird Molothrus ater BHCO x x x x x x 
Baltimore Oriole Icterus galbula BAOR   x     x   
American Goldfinch Carduelis tristis AMGO x x x x x x 
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Appendix B:   
Data Collection and Entry Protocols 
1.  Data Collection Protocols 
 
Avian Community Surveys  
Breeding bird surveys are conducted May through August.  Data are collected using area 
search methods based on spot mapping techniques (Ralph et al. 2003).  Each watershed is surveyed 
by walking transects at 50 meter intervals throughout the site, walking at a rate of 1 km/hr.  All birds 
observed by sight and sound are recorded on a detailed map, including their location (e.g., crop or 
prairie) and activity (e.g., singing, foraging, perching, flying). Symbols for recording observations are 
listed in Appendix B.2.   
Surveys are conducted between 30 minutes before sunrise to 4 hours after sunrise on days 
with suitable weather conditions: good visibility, little to no precipitation, and light winds.  
Unsuitable weather conditions include: fog, steady drizzle, and prolonged rain.  A brief rain shower 
or occasional light drizzle may be acceptable if they do not affect bird activity.  Surveys should not 
be conducted when wind speeds exceed 12 mph.  Additionally, bird surveys should not be 
conducted when excessive noise (e.g., tractor in neighboring field) prevents the observer from 
hearing birds.   
Table B1.  Description of wind speeds.  Unacceptable wind speeds for bird surveys are italicized. 
Wind Speed Codes 
Beaufort Number mph Description Visible Condition 
0 0 Calm   
1 1-4 Light air Slight 
2 4-7 Light breeze Wind felt on face, leaves rustle 
3 8-12 Gentle breeze Leaves in constant motion; flag extends 
4 13-18 Moderate breeze Raises dust; small branches move 
5 19-24 Fresh breeze Small trees sway 
6 25-31 Strong breeze > 15mph; 0 to 3-4 acceptable 
 
It is important to coordinate with other researchers and farmers to be aware of when they will 
be at sites.  If others will be in sites during the bird survey window, plan to conduct surveys in those 
sites prior to their arrival to ensure that sites are not disturbed immediately prior to, or during 
surveys.   
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Nest Searching and Monitoring  
The following guidelines are adapted from Winter et al. 2003:   
Nest searching methods include 1) rope dragging, 2) systematic walking, 3) haphazard 
walking (incidental flushes during other activities), and 4) behavioral observation (when a probable 
nest site is indicated by bird behavior).  The goal of rope dragging and systematic walking is to cause 
an incubating female to flush from a nest by disturbing the vegetation, while haphazard walking and 
behavioral observation require the careful attention of the observer.  Intensive nest searching (rope 
dragging and systematic walking) is conducted in the morning (approximately between 0600 and 
1100), or in the afternoon if it is very hot (when females would be on the nest to keep it cool), but 
never in the evening (to avoid causing nest abandonment).   
Rope dragging is conducted with ≥2 people, with individuals on each end of the rope, and 
additional observers walking behind, watching for flushes.  The advantage of using the rope-
dragging method is to be able to cover large areas within a short amount of time.  Systematic 
walking is conducted with ≥2 people, with individuals walking parallel with “sweeping sticks” (1-1.5 
meter long plastic-coated steel “garden stakes”, or bamboo sticks), sweeping back and forth across 
the vegetation.  Observers should walk close enough that their sticks almost touch.  To ensure that 
all areas are covered, the observer on one end should drop colored flags every 20 meters (or 
whatever distance is necessary, given the topography and vegetation), and then walk back along the 
line of flags.   
Systematic nest searching is conducted May through July in the following areas: 
 All PRAIRIE patches within STRIPs experimental watersheds 
 An equivalent amount of CROP (10% - 20%) in watersheds with prairie 
 10% of the total area in 100% crop and 100% prairie* watersheds  
*100% prairie watersheds may be searched more thoroughly if time allows 
If a bird flushes, the spot should be marked with flagging tape.  I recommend using a Sharpie 
to write the date and species (if known), and other helpful details on the flagging tape.  The 
observer(s) then search for a nest starting at the flagged point, and retrace their footsteps up to 2 
meters (since females often walk away from the nest before flying, and could flush up to 5 meters 
from the nest).  Observers should actively nest search for no more than 10 minutes.  If no nest is 
found encountered, observers should leave the area and return 30 minutes later if possible, and try 
to approach the nest from a different direction.  Flagging may remain for 1-2 weeks, or until 
observers are satisfied that there is no nest in the area.   
If a nest is encountered, it should be marked discreetly by attaching flagging tape ≥2 meters 
directly north and south of the nest in suitable vegetation.  The color of flagging tape should be 
different from the color used to mark potential nest sites, and should be different from what other 
researchers are using at the STRIPs sites; one option is to use two different colors or patterns 
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together.  The observer will initiate a data sheet and record information on date, block (Interim, 
Orbweaver, Basswood), site (1-6), position (footslope or strip), detection method (female flush, 
parental behavior, likely vegetation, etc.), species (AOU code), and observer.   
The reverse side of the nest data sheet has space for the observer to sketch a map of the 
nest, including the location of the nest (ground, or plant species), surrounding vegetation, 
approximate nest height, the color of flagging tape used to mark the nest, and the location and 
distance of flagging tape from nest.   There is also an inset of miniature site maps where the 
observer should mark an ‘x’ at the approximate location of the nest within a site.   
At each visit, the observer will record the date, time, nest stage (L = laying, I = incubating, N 
= nestling, Fledge, or Fail), total number of eggs, number of eggs or young belonging to the host 
species, number of Brown-headed Cowbird eggs or young (if any), comments (parental behavior or 
lack thereof, condition of nest), and observer initials.  Nests are to be checked every 2-4 days until 
nest fate is determined.  To address concerns of human-caused depredation (when human activities 
lead predators to nests), time and activity at the nest site should be minimized.  Observers should be 
conscientious of over-trampling vegetation and avoid creating dead-end trails that lead to nests.  
Nest checking should also be postponed when visually oriented predators are observed nearby 
(Ralph et al. 1993).   
Vegetation Surveys  
Vegetation data are collected at nest sites after nest fate has been determined (i.e., success, 
failure).  Vegetation composition is surveyed using a 0.5-m2 quadrat (Daubenmire 1959) placed at 
the nest site, and percent cover is estimated for the following: warm season grass, cool season 
grass, tall fescue, Carex spp., forb, woody, litter and bare ground.   Comments about dominant 
plants present at the nest site .  Nest data collection will include: nest location (plant or ground), 
height, distance to crop (using a measuring tape) and distance to trees (using a range finder).  
Vegetation structure at the nest site will be surveyed with a visual obstruction reading from 4m at 
four cardinal directions using a Robel pole (Robel et al. 1970).   
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2.  Area Searching Survey Symbols 
 
 
 
 
 
  
 
  
    
 
  
   
  
  
  
 
  
 
   
 
  
 
 
 
  
   
 
  
 
    
 
  
 
     
 
  
 
  
 
Bird seen at point 
Bird singing in known approximate location BIRD 
BIRD Bird singing in uncertain approximate location (crop vs. prairie; in site vs. outside of site) 
BIRD Bird chipping / calling 
Bird fly-over 
BIRD 
BIRD 
Bird fly-over (flying high) 
Indicates where you saw the bird flying from (maybe flew out of watershed, 
but could have flown over) 
Bird flew to a point from that direction 
Bird flew off point in that direction 
Bird flew from one point to another 
Assumed change in position 
       BIRD Observed outside survey window 
Observed in another watershed during survey for watershed # (1-6) 
2+ birds heard singing at the same time N BIRD BIRD 
f 
f 
Flush F Flush; sat tight until on top of it 
BIRD 
Sang at a point; flew to a second point where it 
chipped/called; flew to a third point where it sang again 
       BIRD 
# 
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♀   Female 
♂    Male  
  
See comments for 
details 
A 
Pair 
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3.  Data Entry Protocols 
 
 
 
STRIPs Bird Survey 
Data Entry 
Protocol  
 
Attribute Table Cheat Sheet: 
 
Lines: Entered for territorial males (singing, or chipping defensively) and some foraging 
species (EAKI, EAPH, others as noted) that are observed at more than one point during a 
survey. 
 
Group: # of birds occurring in a group (enter # in group even if you didn’t enter all of the 
birds as points, then mention it in the Comments column).  Enter 999 for individuals that 
are a mated pair (often indicated with the pair symbol, but may need to be inferred if a 
male and female of the same species are seen at a nest).   
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Fly-Overs: Enter “1” for birds that are using the site, but not landing.  This mostly 
includes swallows (BARS, TRES, CLSW, UKSW) and could include other aerial foraging 
species, such as flycatcher, that hover while they feed without landing.   
STRIPs BIRD SURVEY DATA ENTRY INSTRUCTIONS 
 
General outline: 
Enter points first (1 for each individual) 
Enter lines second (subsequent movements of individuals) 
Save edits at least every 10 minutes 
Save edits after each site 
Back-up work after each session 
 
Getting Started: 
 
1.) Turn on the computer and the monitor.   
2.) Navigate to the designated folder for STRIPs data entry.   
 
    
 
3.) Open the folder, and click on the appropriate STRIPs Bird Survey map in the list (it may take 
ArcMap a few minutes to start up).   
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Entering Data 
 
1.) 
 
 
2.)  
 
 
 
Entering Point Data: 
1 point will be entered for each individual bird.  Points to be entered will be indicated by 
a(usually the first point where an individual was observed).   Other points on the data sheet that 
are not marked with a  should not be included (but if you’re not sure, ask!).   
1.) Click on the “Sketch Tool”   in the Editor Toolbar.  Move the cursor on the map until 
you’re hovering over the same location as a point on the data sheet, and click.   
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2.) Open the Attribute Table by right-clicking on the shapefile in the Layers box on the left, and 
clicking on “Open Attribute Table”. 
 
3.) The Attribute Table is somewhat similar to Excel.  Click the cell for Date, enter the information, 
and then use the “Tab” key on your keyboard to advance to the next box on the right.   
Entering Line Data: 
 
Lines will only be entered for territorial males (males that are singing or acting defensively) if 
individuals are observed at more than one point within the boundaries of the site, and for some 
foraging birds (unless otherwise noted) that are observed foraging at more than one point within 
the boundaries of the site: 
 
Territorial Males: 
SEWR 
BRTH 
COYE 
FISP 
VESP 
LASP 
SOSP 
GRSP 
INBU 
DICK 
RWBL 
EAME 
AMGO 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Foraging Birds: 
EAKI 
EAPH 
RTHU 
AMRO
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1.) Go through the same steps for “Getting Started”, but set your target as the line file.   
 
2.) In the point file attribute table, highlight the point of the individual the line data will be entered for 
by clicking on the blank box to the left of the FID column.  This will highlight that point on the map.   
 
3.) With the cursor for the Sketch Tool, click on top of the highlighted point, then move the cursor to the 
next point and click, and repeat for as many points there are for one individual.   
 
4.) For the last point where an individual landed, double-click, and it will complete the line.   
 
 
 
If anything is unclear, ASK! 
 
 
Saving  
 
1.) Save at least every 10 minutes, and after completing data entry for each site, go to the Editor 
drop-down button and click “Save Edits” 
 
2.) After completing data entry for a given date, go to the Editor drop-down button and click “Save 
Edits”, then “Stop Editing”.   
 
3.) Save the entire map. 
 
 
 
 
Back-up the map and shapefiles folder after you finish entering data for every date. 
 
Finishing Up: 
 
-Follow all saving instructions (above), and back-up files after every data entry session.  
-Record your progress in the data entry log. 
-Replace all data sheets in binder in designated location 
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Keeping Track: 
 
As you go… 
Mark date and initials on every data sheet (including those that have already had points entered – just 
mark date and initials in the page margin).   
 
Record information for individuals (SIDs) that will have associated Line file data in the Excel file. 
 
List all surveys with no data (no points/lines to be entered) on sheet in binder 
 
List all surveys with line data on sheet in binder 
 
At the end of a session… 
Record day’s activities in the red notebook (Dates and individual survey sheets) and include any 
information about changes made, questions, or where you left off at if a data sheet is half entered. 
 
Record the last SID used in the red notebook. 
 
Highlight SIDs up to the last number used during the session.   
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Points Attribute Table: 
For each point (individual bird) enter the following information.   
In 2011, there are old column names in red, with new column names next to them.   
Columns with additional information or tips in the protocol (below) are highlighted. 
 
(The first 3 columns do not need to be altered.)   
 
Column Name Description Example 
FID   
Shape   
Id   
Date_: Old date entered as MO/DA/YEAR 9/1/2011 
Date2: Enter the date in this format:  
Year (4 characters) Month (2 characters) 
Day (2 characters)  
September 1, 2011 = 20110901 
 
Site:  
 
Use abbreviations for blocks (see 
abbreviations below) and numbers for 
watersheds.   
Orbweaver 3 = Orb3 
 Thorn Valley is the only site in that unit, 
so it would just be TV) 
Obs: 
(Observer) 
Enter the initials of the observer(s) listed on 
the data sheet 
ALM, EG, DL, LG, LAS, LT 
SID: 
 (STRIPs ID) 
 
8 character code for every point: 
Year (4 characters) + Observation (4 
characters starting at 0001 for the first 
observation recorded for that year) 
The first bird recorded in the database in 
2011 would be 20110001; the 500th bird 
recorded in 2011 would be 20110500; 
the 1000th bird recorded for 2011 would 
be 20111000.   
Line: YES if there will be a corresponding record 
in the Line shapefile, “no” if not 
Individual (territorial male, or foraging 
species) observed at >1 point during surv 
Species:  Use the 4-letter alpha code Red-winged Blackbird = RWBL 
Indiv: 
(Individual) 
Use 1 number for each distinct individual of 
each species in each site during a given 
survey. 
In 2011, use the number in 
parentheses… INBU (#1)  
 
If there were 3 INBU’s in the site during 
the survey, they would be individual 1, 2 
and 3, respectively. 
(The individual number will include the # 
symbol.) 
Sex:  
 
Use M for male, F for female, U for 
unknown 
Note: any bird circled (singing) is a MALE 
Juv:  
(Juvenile) 
1 if the bird was a juvenile/fledgling;  
NULL if not. 
 
Group:  
 
# of birds in group, or  
if 2 birds are a mated pair, type 999 
Groups will be denoted as:  
BIRD (#of birds in group in parentheses) 
(Number of birds in group will not be 
preceded by the # symbol) 
Pairs are indicated by a joined 
male/female symbol 
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DETECTION METHOD: 1 if yes, NULL if no 
Vis:  
(Visual) 
Visual observations are marked with a 
POINT on the data sheet 
 
Aud:  
(Audio) 
Audio observations are denoted by circled 
or underlines (or comments) 
Singing, chipping, calling 
BEHAVIOR: 1 if yes, NULL if no 
Sing:  
 
For singing territorial males if they sang at 
any time during survey 
Individual (or point) is circled at any 
location during survey. 
OtherM: 
(Other Males) 
1 if there were other males singing in area Line with squiggly mark showing distinct 
males singing in area during one survey 
FO:  
(Flyover) 
only mark 1 if it did not land in the site, but 
is using the site 
Using sing site for foraging  
(see list of aerial foraging species below) 
2veg Bird moves between 2 vegetation types 
(crop/prairie) within site 
A bird was first observed in the prairie, 
but moved to a point(s) in the crop  
HFlu:  
(Hard Flush) 
 
Bird flew away from very close An incubating female flushing off a nest, 
or a pheasant exploding out of the crop 
right in front of the observer 
SFlu:  
(Soft Flush) 
Bird flew away because you approached, 
but flushed from a distance 
A bird that moved to another point 
because of observer 
Eat:  
(Foraging) 
Foraging (capturing/consuming food) Especially common in swallows and 
flycatchers  
Nest:  
 
Nesting bird If a female flushed from a nest, or you 
saw a parent deliver food to a nest 
NFood:  
(Nest Food) 
Seen foraging or carrying food for nestlings  “with food” 
NDef:  
(Nest Defense) 
Defending a known nest, or behaving like 
there could be a nest nearby 
Lots of chipping, swooping over 
observer’s head, distraction displays 
Weed: Bird was observed in a weedy patch  
Perch:  If indicated as perching or on anything 
during survey. 
If individual was indicated as being 
perched on a pole, tree, plant, crop, etc. 
during survey (at any point).   
 
PType: 
(Perch Type) 
Enter what bird was perched on (at any 
point during survey):  
POLE, CROP, PLANT, TREE, OLD VEG, 
WEEDS, or MULTIPLE 
 (See information in protocol) 
 
Behavior:   
Comments:  
 
Any details not covered in previous 
columns.   
 
Check the page margins and 
comments boxes for information! 
Could include: how many males were 
singing in area (OtherM); what multiple 
perches were (Perch and PType); 
identification comments if BIRD; any 
other behavioral details or notes not 
covered above.  
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Additional Attribute Table Information and Tips: 
 
Date: 
Tip: You may choose to only enter the date for the first feature you enter, and then copy and paste into 
remaining cells after you finish entering data for a survey. 
 
Site Abbreviations: 
Basswood = Bass (1-7)  
Interim = Int (1-4) 
Orbweaver = Orb (1-3) 
Thorn Valley = TV (no #) 
Example: Orb2 
 
Line: 
Lines will be entered for individuals observed at more than one point during a survey.  Applies only to 
territorial males and foraging species.  Lines will only be entered for territorial males (males that are 
singing or acting defensively) that are defending territory at more than one point anywhere on the map 
(territories may extend beyond site boundaries), and for some foraging birds (unless otherwise noted) 
that are observed foraging at more than one point within the site boundaries.  Don’t hesitate to ask if 
you’re not sure.  Not every individual of these species will have line data, and some species that aren’t 
included in this list may have line data to enter. 
 
Individual: 
This is a number to identify different individuals observed in a site during a given survey (indicated by 
the # symbol).  It’s like giving them names (“Arthur”, “Beatrice”, “Courtney”, etc.), but by assigning 
numbers we can tell how many individuals of a given species were observed in that site at one time.  On 
the data sheet the Individual number will be in parentheses with the number symbol (next to a star!)  
Try to enter individuals in numerical order to make it easier to check entered data.     
 
Group: 
Group data will only be entered for birds that are observed in a group (including mated pairs).   
 
Individual vs. Group Examples 
Individual Example: RWBL (#1 ) or RWBL (#2) 
(“This is individual #1, and that is individual #2”) 
 
Group Example: RWBL (3) 
(“This is a group of 3 Red-winged Blackbirds observed together”) 
 
A group of 3 Red-winged Blackbirds will be entered as different numbers in the “Individual” column (#1, 
#2, and #3 respectively), but the total number of birds in the group will be entered in the “Group” 
column for each point or line (3 for each bird in the group).   
 
OtherM 
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This column is for observations when there was more than one male of the same species singing (or 
seen) at the same time.  It’s indicated on the data sheet as a line with a squiggly mark between two (or 
more) males.  It’s ok to include males singing outside the boundaries of the site (IF they’re singing at the 
same time as the male you’ve created a point for). 
 
We’re interested in males exhibiting territorial behavior.  Only enter “1” if the male you’ve created a 
point for is singing at the same time as other distinct males (the squiggly mark between circled birds).  
You can comment on the number of distinct males in and around the site in the “Comments” column.  If 
there are other males, but they aren’t singing at the same time, you can include that information in the 
“Comments” column as well.   
 
Fly-overs 
Fly-overs are only birds that are using the site, but don’t actually land, such as swallows foraging for 
insects during flight).  Other fly-overs recorded on data sheets (such as Brown-headed Cowbirds flying 
over, but not landing in the site) should not be included in the database. 
 
Potential Aerial Foraging Species (Fly-overs): 
BARS (Barn Swallow) 
CLSW (Cliff Swallow) 
TRES (Tree Swallow) 
UKSW (Unknown Swallow) 
EAKI (Eastern Kingbird) 
EAPH (Eastern Phoebe) 
RTHU (Ruby-throated Hummingbird) 
 
2veg 
If an individual is observed at points in more than one vegetation type (prairie or crop) within the site 
boundaries, then enter “1” in this column.  Reasoning: If we wanted to analyze which vegetation types 
birds are using, it would be important to recognize if individuals are observed in both.   
 
Weed 
If an individual was observed in a weed patch during a survey, then enter “1” in this column.  Weed 
patches will either be indicated by writing or drawing on data sheets. 
 
Perch and Perch Types 
If an individual was recorded as perching on the data sheet (at any point during the survey – check other 
points besides the starred point to find out) then enter “1” in the “Perch” column.  
 
In the “PType” column, enter one of the following perch types: 
POLE = point is within a small circle on data sheet (indicating a pole) or says “pole”.   
CROP = perched on crop, stalk, corn, etc. 
PLANT = any plant mentioned (such as thistle, cup plant, etc.) Identify plant in comments section. 
TREE = perched on tree in site, either denoted by a tree symbol, or identified as willow, 
cottonwood (c-wood = cottonwood), etc.   
OLD VEG or WEEDS = use ONLY if the bird was definitely PERCHED in old vegetation or weeds.  
Sometimes birds were just hanging out in old veg or weeds, not necessarily using them as a 
perch to sing from.  If perched, it will likely say “perched”.  If not sure, ask  
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MULTIPLE = perched on more than one type of perch (tree to plant, pole to plant, etc.)  You can 
identify the various perches in the comments section.   
Lines Attribute Table: 
 
For each line, enter the following information: 
 
Column in GIS Description Example 
Date:  
 
Enter the date in this format: Year (4 characters) 
Month (2 characters) Day (2 characters) 
Example: 20110901 for 
September 1, 2011 
 
Site:  
 
Use abbreviations for blocks (see abbreviations 
above)and numbers for watersheds.   
Example: Orbweaver 3 = Orb3, 
Thorn Valley is the only site in 
that unit, so it would just be TV) 
SID:   
 
The corresponding code used for that individual in 
the point data file.  8 character code for every 
point (Year + Observation). 
Example: the first bird recorded 
in the database in 2011 would be 
20110001; the 500th bird 
recorded for 2011 would be 
20110500; the 1000th bird 
recorded for 2011 would be 
20111000.   
Species:  Use the 4-letter code.   Example:  
Red-winged Blackbird = RWBL 
Individual:  
 
Use 1 number for each distinct individual of each 
species during a given survey. 
Example: if there were 3 Red-
winged Blackbirds and 2 
Common Yellowthroats in the 
Basswood 1 site during one 
survey, the RWBL’s would be 1, 
2, and 3; and the COYE’s would 
be 1 and 2.   
Comment:  
 
It’s not necessary to repeat anything in the point 
data comments section, but if it’s pertinent or 
helpful for the line data, it can be included.   
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ArcMap Basics 
By Anna MacDonald 
Updated Sept. 29, 2011 
 
Zooming 
 
 
Identify and Selection Tools: 
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Layers 
 
Display Tab: 
 
 
Selection Tab: 
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Opening the Attribute Table 
 
 
Selecting Features from the Attribute Table 
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Zoom to Selection 
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Bookmarks 
 
 
60 
 
 
 
 
Changing Symbols 
 
 
Mistakes: 
 
Making a mistake: 
If you just made a mistake, you can use the “Undo” button (indicated by the white arrow).   
 
 
 
Deleting a feature: 
First, UNSELECT ALL.   
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In the Attribute Table, right-click on the box to the left of the first column for the row 
containing the feature you want to delete.  Click “Delete Selected” next to the X.   
Troubleshooting 
 
Repairing a data source: 
If layers don’t display on the map, and there is a red exclamation point (!) next to the layer, 
then you need to repair the data source (show ArcMap where the file is located on the 
computer).   
 
Right-click the layer, then click on Data  Repair Data Source.  Navigate to the folder where the 
file associated with that layer is located, and click on it.  Repeat for other layers which need to 
have their data sources repaired.  
 
Saving your Desktop image: 
If you get a strange warning message (or anything else you’d like to save an image of), push the 
“Print Screen – SysRq” key on your keyboard (usually located above and to the right of the 
Backspace button).   
 
Open Paint by clicking the Start button on your Desktop, and navigating to Programs  
Accessories  Paint.   
 
On your keyboard, hold down Ctrl+V to paste the desktop image into Paint.   
 
Use the dotted rectangle tool in the toolbar on the left to select the area of the Desktop image 
you want to save.  Then hold down Ctrl+C to copy the selected area.   
 
Open a new Paint document by going to the File Menu  New (no need to save the current 
document as long as you’ve already copied your selection).  When the new document opens, 
press Ctrl+V to paste the selected image in the blank document.  Save it by going to the File 
Menu  Save As … then name it, save it as a JPEG, and navigate to the STRIPs folder on the 
Desktop to save it there.   
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Appendix C:   
Statistical code used in Program R Version 2.15.2 
CalcSimpsonDiversity.R 
 
data<-read.csv("STRIPsBirdsForSimpsonsDiv.csv",header=T) 
 
##### CALCULATING SIMPSON'S DIVERSITY ##### 
 
obs.ind<-which(is.na(data$NoActiv)==1) 
data$NoActiv[obs.ind]<-0 
 
un.surv<-unique(data$Survey) 
 
simp.ind<-NULL 
for(i in 1:length(un.surv)){ 
temp<-data[which(data$Survey==un.surv[i]),] 
 
if(temp$NoActiv[1]==1){simp.ind[i]<-0} 
if(temp$NoActiv[1]==0){ 
unq.spec<-unique(temp$Species) 
 
spec.frac<-NULL 
for(j in 1:length(unq.spec)){ 
spec.frac[j]<-length(which(temp$Species==unq.spec[j]))/length(temp$Species)  
} 
 
simp.ind[i]<-1/sum(spec.frac^2) 
} 
} 
 
simpsons.indicator<-data.frame(cbind(un.surv,simp.ind)) 
round(simpsons.indicator, 4) 
 
### writing results to a csv file ### 
write.table(simpsons.indicator, file = "SimpIndex.csv", sep = ",", col.names = T, row.names = F) 
 
####Don't forget to go into new csv file and rename the un.surv column "Survey"#### 
 
###merging files### 
file1<-read.csv("SurveySiteInfo.csv", header = T) 
file2<-read.csv("SimpIndex.csv", header = T) 
 
file3<-merge(file1, file2, by="Survey") 
 
write.table(file3,"SimpIndexMerge.csv", sep=",", col.names=T, row.names=F) 
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Summaries.R 
 
d = read.csv("STRIPsBirdsAllObs.csv") 
 
#### Summaries #### 
# modify as desired # 
 
summary(d) 
 
###get summary statistics for TBA by year and treatment 
tapply(data$TBA,list(data$Year,data$Treatment),mean) 
tapply(data$TBA,list(data$Year,data$Treatment),length) 
tapply(data$TBA,list(data$Year,data$Treatment),sd) 
tapply(data$TBA,list(data$Year,data$Treatment),var) 
 
###get summary statistics for RICHNESS by year and treatment 
tapply(data$Richness,list(data$Year,data$Treatment),mean) 
tapply(data$Richness,list(data$Year,data$Treatment),length) 
tapply(data$Richness,list(data$Year,data$Treatment),sd) 
tapply(data$Richness,list(data$Year,data$Treatment),var) 
 
###get summary statistics for DIVERSITY by year and treatment 
tapply(d$simp.ind,list(d$Year,d$Treatment),mean) 
tapply(d$simp.ind,list(d$Year,d$Treatment),length) 
tapply(d$simp.ind,list(d$Year,d$Treatment),sd) 
tapply(d$Simp,list(d$Year,d$Treatment),var) 
 
 
Plots.R 
 
library(ggplot2) 
library(plyr) 
data<-read.csv("STRIPsBirdsAllObs.csv",header=T) 
 
########################TBA########################## 
 
##get summary statistics for TBA in a form that ggplot likes## 
data2<-ddply(data,.(Year,Treatment),summarise,mean.tba=mean(TBA), 
  me.tba = qt(p = .975, df = length(TBA) - 1) * (sd(TBA) / sqrt(length(TBA)))) 
 
##rearrange treatment levels## 
data2$Treatment <- factor(data2$Treatment,levels=levels(data2$Treatment)[c(1,2,3,5,4)]) 
 
##plot TBC for Trt and Year## 
qplot(x=factor(Year),data=data2,geom="bar",weight=mean.tba, fill = factor(Year)) + 
  geom_errorbar(aes(ymin=mean.tba-  me.tba, ymax=mean.tba+  me.tba), 
                  width=.2,position=position_dodge(.9)) +  
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  scale_fill_brewer("Year", type="qual", palette = "Accent") +  
  facet_wrap(~Treatment, ncol = 5) +  
  xlab("Treatment") + ylab("Mean Total Bird Abundance") +  
  theme_bw() +  
  theme(axis.text.x = element_blank(), axis.ticks.x = element_blank())+  
  theme(strip.text.x = element_text(size = 14)) 
 
######################## Species Richness ######################### 
 
##get summary statistics for RICHNESS in a form that ggplot likes## 
data2<-ddply(data,.(Year,Treatment),summarise,mean.richness=mean(Richness), 
             me.richness = qt(p = .975, df = length(Richness) - 1) * (sd(Richness) / sqrt(length(Richness)))) 
 
##rearrange treatment levels## 
data2$Treatment <- factor(data2$Treatment,levels=levels(data2$Treatment)[c(1,2,3,5,4)]) 
 
##plot RICHNESS for Trt and Year## 
qplot(x=factor(Year),data=data2,geom="bar",weight=mean.richness, fill = factor(Year)) + 
  geom_errorbar(aes(ymin=mean.richness-  me.richness, ymax=mean.richness+  me.richness), 
                  width=.2,position=position_dodge(.9)) +  
  scale_fill_brewer("Year", type="qual", palette = "Accent") +  
  facet_wrap(~Treatment, ncol = 5) +  
  xlab("Treatment") + ylab("Mean Richness") +  
  theme_bw() +  
  theme(axis.text.x = element_blank(), axis.ticks.x = element_blank())+ 
  theme(strip.text.x = element_text(size = 14)) 
 
######################## Simpson's Diversity ######################### 
 
##get summary statistics for DIVERSITY in a form that ggplot likes## 
d2<-ddply(d,.(Year,Treatment),summarise,mean.simp=mean(simp.ind), 
             me.simp = qt(p = .975, df = length(simp.ind) - 1) * (sd(simp.ind) / sqrt(length(simp.ind)))) 
 
##rearrange treatment levels## 
d2$Treatment <- factor(d2$Treatment,levels=levels(d2$Treatment)[c(1,2,3,5,4)]) 
 
##plot DIVERSITY for Trt and Year## 
qplot(x=factor(Year),data=d2,geom="bar",weight=mean.simp, fill = factor(Year)) + 
    geom_errorbar(aes(ymin=mean.simp-  me.simp, ymax=mean.simp+  me.simp), 
                  width=.2,position=position_dodge(.9)) + 
  scale_fill_brewer("Year", type="qual", palette = "Accent") +  
  facet_wrap(~Treatment, ncol = 5) +  
  xlab("Treatment") + ylab("Mean Simpson's Diversity") +  
  theme_bw() +  
  theme(axis.text.x = element_blank(), axis.ticks.x = element_blank())+ 
  theme(strip.text.x = element_text(size = 14)) 
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AllObsRegressions.R 
 
d = read.csv("STRIPsBirdsAllObs.csv") 
names(d) = tolower(names(d)) 
 
############## Create variables ################ 
# Treatment 
trt = rep("0%",nrow(d)) 
trt[d$treatment=="10% prairie bottom"] = "10%b" 
trt[d$treatment=="10% prairie strips"] = "10%s" 
trt[d$treatment=="20% prairie strips"] = "20%s" 
trt[d$treatment=="100% prairie"] = "100%" 
d$trt = factor(trt) 
rm(trt) 
 
#################### Total Bird Abundance ################### 
 
# Quasi-Poisson regression for TBA 
modA = glm(tba~as.factor(year)+block+trt+log(totalha)+I(julian-169),quasipoisson,d) 
summary(modA) 
exp(confint(modA)) 
 
################### Species Richness ################### 
 
# Poisson regression for Richness 
modR = glm(richness~as.factor(year)+block+trt+log(totalha)+I(julian-169),poisson,d) 
summary(modR) 
exp(confint(modR)) 
 
# Poisson regression for Richness WITHOUT JULIAN (because not sig)  
modR = glm(richness~as.factor(year)+block+trt+log(totalha),poisson,d) 
summary(modR) 
exp(confint(modR)) 
 
################### Simpson's Diversity ################### 
 
# Regression for Simpson's Diversity (all values +1) WITHOUT log(simp1) 
modS1 = lm(simp1~as.factor(year)+block+trt+log(totalha),d) 
 
summary(modS1) 
confint(modS1) 
 
# Regression for Simpson's Diversity (adding 1 to all) WITH log(simp1) 
modSL1 = lm(log(simp1)~as.factor(year)+block+trt+log(totalha),d) 
 
summary(modSL1) 
exp(confint(modSL1)) 
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WeighedRegressionARD2.R 
 
d <- read.csv("ARD_means.csv",header=T) 
names(d) = tolower(names(d)) 
 
###### Total Bird ABUNDANCE yearly site means ###### 
modA = lm(tba~as.factor(year)+block+treatment+log(totalha),d, weights=length) 
par(mfrow=c(2,3)) 
plot(modA,1:6, ask=F) 
summary(modA) 
confint(modA) 
 
## try with the log of TBA ## 
modAL = lm(log(tba)~as.factor(year)+block+treatment+log(totalha), d, weights=length) 
par(mfrow=c(2,3)) 
plot(modAL,1:6, ask=F) # observation 69 is outlying 
summary(modAL) 
exp(confint(modAL)) 
 
###### Species RICHNESS yearly site means ###### 
modR = lm(richness~as.factor(year)+block+treatment+log(totalha),d, weights=length) 
par(mfrow=c(2,3)) 
plot(modR,1:6, ask=F)  
summary(modR) 
confint(modR) 
 
## try with the log of Richness ## 
modRL = lm(log(richness)~as.factor(year)+block+treatment+log(totalha),d, weights=length) 
par(mfrow=c(2,3)) 
plot(modRL,1:6, ask=F)  
summary(modRL) 
exp(confint(modRL)) 
 
###### Simpson's DIVERSITY yearly site means ###### 
modD = lm(simp~as.factor(year)+block+treatment+log(totalha),d, weights=length) 
par(mfrow=c(2,3)) 
plot(modD,1:6, ask=F)  
summary(modD) 
confint(modD) 
 
## try with the log of Simpson's Diversity ## 
modDL = lm(log(simp)~as.factor(year)+block+treatment+log(totalha),d, weights=length) 
par(mfrow=c(2,3)) 
plot(modDL,1:6, ask=F)  
summary(modDL) 
exp(confint(modDL)) 
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